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Abstract
The original motivation for this research comes from a group of construction firms
interested in the effects of environmental regulations on their activities. This particular
report examines the problem from the perspective of the market for electrical
powerplants. A qualitative survey is presented in four principal areas: current theories
about atmospheric phenomena are discussed, a link between industrialization and
increasing emissions is established, historical developments in the policy field are
summarized, and current technologies are reveiwed from a technical point.
Recent scientific studies have revealed extensive damage to the atmosphere as a result of
emissions from combustion processes. Three main phenomena are reviewed as well as
their causes and potential consequences. Acid Rain results from sulfur oxides,
Stratospheric Ozone is being depleted by chlorofluorocarbons, and Global Warming is
increased by greenhouse gases. Beyond the effects already visible in many parts of the
world, long-term consequences could change the planet into an atmosphere unlivable for
mankind.
After the transportation sector, energy production is the second largest source of
greenhouse gas emissions. As developed nations underwent the industrial revolution,
energy consumption increased rapidly. Within energy production, electricity gained an
important role which is still increasing. Yet, developed nations only represent about one
tenth of the world population and many developing nations appear mature to undergo
their own industrial revolutions. This poses the imminent threat of dramatic increases in
energy demand and therefore atmospheric pollution if the process followed is similar to
that of the developed world in the nineteenth century.
In response to scientific warnings about the depletion of natural resources and under
growing regulatory pressure, technologies for reducing emissions from electrical plants
are competing for a fast growing market. On one hand, numerous retrofitting devices are
being sold to clean the exhaust fumes from conventional powerplants; in parallel,
alternative energy-production methods are nearing large scale commercial availability.
Each of these families of technologies will have its most favorable market in specific
geiographical locations, depending on the natural resources available locally and the need
to modify existing plants or build new ones to satisfy a growing demand; the former is
seen as associated with developed nations striving for improved efficiency, while new
plants will be in great demand in developing nations.
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INTRODUCTION
This study responds to a request by construction firms to explore the impacts of
environmental factors on the market for electrical powerplants. Concern about
environmental degradation is nothing new, but recent scientific revelations have caused
an upsurge of regulations to limit human impact on the natural environment. There are
three main components of our environment; they are water, earth, and the air. Among the
three, atmospheric pollution presents a number of difficult characteristics. For one thing,
most pollutants are invisible, except in very high concentrations; unlike oil spills or land
devoid of life after a toxic spill, pollutants cannot be contained once they are released.
Secondly, chemicals are transported to high altitudes where their reactions may be very
different from those observed at Earth's surface. As a corollary, the elements may travel
great distances before falling back to Earth or causing some high-altitude phenomenon.
Anyone wishing to approach environmentally sensitive markets must be very familiar
with basic environmental phenomena, including their associated uncertainties; a historical
background of international negotiations is important to understand the imlications of
new scientific findings; and, finally, one must realize that technologies are becoming
more and more concise, increasing the share of technical engineering over those of
construction activities in adapting them to the electrical industry.
The first chapter of this thesis reviews the three main atmospheric phenomena currently
discussed in the scientific/policy areas. Acid Rain results from the emission of sulfur
oxides into the lowerr atmosphere. The effects have been directly observed and cover
limited geographical areas. Ozone Depletion is the subject of much frenzy because it is
recent and still not scientifically explained. The physics of Global Warming are much
better understood but the implications on climate change are still widely debated. Both of
the latter two phenomena are characterized by their global impact on the scale of the
entire World; emissions contributing to either of the two on one side of the world will
affect all nations alike. This poses a particular challenge for international regulations.
Global Warming in particular has the potential to shift the complete balace of power
between developing and industrialized nations.
Yet the electrical industry is the second source of air pollution after the transportation
sector. Although industrialized nations have stabilized their demand for electricity,
developing nations hold much more of the world's population and pose a challenge as
they approach the time for their own industrial expansion.
Given the implications of such disbalance between nations and the many uncertainties of
global atmospheric phenomena, it is impossible to predict future regulations. The best
one can do is to review the historical evolution of negotiations and have an idea of what
to expect so as not to be taken by surprise. Chapter 3 presents an overview of
developments in OECD nations, mostly based on experiences in the USA.
Chapter 4 is dedicated to in-depth technical investigations of the technologies available
for retrofitting existing plants and for the future expolitation of renewable sources of
energy.
The conclusion of this qualitative analysis is that the electricity production market will be
differentiated geographically between developing and industrialized nations, each
respectively associated with new plants and retrofitting existing ones. Two ensuing
recommendations are geographical expansion and technical diversification for firms
wishing to grasp a share of this market.
CHAPTER 1;
ATMOSPHERIC POLLUTANTS AND THEIR EFFECTS
1.1 The Importance of the Atmosphere on Market Trends
Future scientific revelations about the condition of our natural environment will be the
major factor influencing regulations which, in turn, will guide the choice of technologies.
Therefore, a thorough understanding of environmental phenomena is essential in
forecasting future markets.
Currently, three main phenomena guide regulations which affect the electrical industry.
These are Global Warming, Stratospheric Ozone Depletion, and Acid Rain. Although
there is not yet any clear evidence of dramatic climate change, the gases emitted from
combustion processes, which produce a large portion of our energy, have definite effects
on the ambient air. In this chapter, we discuss these three main phenomena and establish
the link with emissions from combustion processes, particularly those associated with the
production of electricity.
1.2 Atmospheric Pollution: Three Main Phenomena and Large
Uncertainties
The atmosphere establishes a delicate energy balance between the Earth and incoming
solar radiation.
Atmospheric pollution affects our environment in two main areas: at low altitudes, we are
all too familiar with urban smog and suspended particles. Once transported to higher
altitudes however, the same gases travel larger distances, causing regional and global
climatic phenomena. This thesis focuses on the second category of effects, which is the
primary basis for policy debates over the regulation of power plant emissions.
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Figure 1.1: Distribution of Solar Energy in Earth's Environment
(Global Climate Change, HBS, 1991)1
Three major environmental problems are associated with emissions of three specific
gases, although each gas may contribute to more than one phenomenon: carbon dioxide is
the main contributor to global warming; chlorofluorocarbons are the primary cause for
ozone depletion; and sulfur dioxide as well as nitrous oxides causes acid rain.
These phenomena already have impacted many areas of the planet in a variety of ways,
and several atmospheric models suggest that the cumulative effects over time may lead to
catastrophic events in the future.
Each phenomenon is described with its major component and the potential effects in the
following subsections A, B, and C. Error factors in the models predicting these effects
are discussed in subsection D.
1.2.1. Carbon Dioxide (C02) and Global Warming
The greenhouse effect is another name for global warming, and it is actually a necessary
component of the natural ecological systems of our planet: various gases suspended in the
atmosphere act like a blanket, keeping the sun's heat from escaping too rapidly from the
surface of the earth. Without greenhouse gases, temperatures at the Earth's surface
would be too low to support life.2 Water vapor is by far the most important natural
greenhouse gas. Next is C02, which was present in the atmosphere long before the
emergence of mankind. Among several greenhouse gases (GHG's include C02, CFC,
CH4, N20), C02 is the major contributor to global warming: its contribution is
approximately 55%, followed by 24% for CFC's (Chlorofluorocarbons) , 15% for CH4
(Methane), and then 6% for N20 (Nitrogen Dioxide).3 If the concentration of C02 had
been maintained in naturally stable amounts, there would not have been reason for
concern. Recent studies, however, reveal that there has been a rapid increase in the
proportion of C02 trapped in the atmosphere, coinciding with expanding human
activities around the world. Figure 2 illustrates the contributions of various human










Figure 1.2: Contribution of Human Activities to the Greenhouse Effect
(Adapted From Goldemberg, Energy and the Environment in the 21st Century)4
a) Increasine C02 Emissions
Analyses of trapped air from several ice cores suggest that during the past several
thousand years of the present interglacial period, C02 levels remained reasonably close
to the pre industrial value of 280 ppm. At the maximum of the last Ice Age, 18000 years
ago, C02 levels were even lower than this, roughly 25 percent less than pre industrial
values (Schneider). Since about 1850, however, C02 has risen by 25 percent, a dramatic
increase in such a short period of time. The record at Mauna Loa Observatory in Hawaii
shows that the CO2 concentration in the atmosphere has increased from about 310 ppm to
more than 350 ppm since 1958 only.
b) Evidence of Possible Climate Change
Several papers conclude that a trend toward global warming has already begun due to
increasing greenhouse gases. According to a report by the NASA Goddard Institute for
Space Studies (GISS) and Climatic Research Unit (CRU), some 0.5 degrees Centigrade
of warming has occurred over the past 100 years.
In the summer of 1988, James Hansen, director of GISS in New York City, delivered
testimony to this effect before the US. Congress and made three important points
regarding the impact of the greenhouse effect on the global environment. The first was
that "I believe the earth is getting warmer and I say that with 99% confidence." The
second was that "...with a high degree of confidence we could associate the warming and
the greenhouse effect." The third was that "...in our climate model, by the late 1980s and
early 1990's, there's already a noticeable increase in the frequency of drought " (Legget).
This hypothesis establishes a direct causal relationship between the warming of the Earth
and shifting weather patterns; as we shall see below, large changes in weather patterns
could have very important effects on human activities, such as agriculture.
Although this hypothesis is widely disputed within the scientific community, the dramatic
consequences which it could have warrant considering its potential.
c) Potential Effects
Several atmospheric models have been developed collaboratively between various
scientific institutions. These models are generically referred to as Global Climate Models
(GCM's) and include the following: NASA's Goddard Institute for Space Studies (NY)
has developed the GISS model; British scientists have a UKMO (United Kingdom
Meteorological Organization) model; and OSU and GFDL (Geophysical Fluid Dynamics
Laboratory, Princeton, NJ) are two other common references. All these GCM's produce
potentially alarming results if atmospheric emissions continue along the present trend.
One recent analysis estimates that if C02 were to double from 300 to 600 ppm, the
Earth's surface temperature would eventually warm up some 3.5-to-5.0 degree C.
(Schneider). This would alter the hygrometric balance between water in the oceans and
vapor in the atmosphere, causing a change in rainfall patterns which, in turn, could affect
the yield of vital crops. Ultimately, this would trickle down into economic effects. The
summer of 1988, for example, was marked by unusual heat and drought throughout North
America and elsewhere, thus affecting grain prices around the globe.5
Furthermore, such major climate shifts could affect lifeforms. Evolutionary changes are
known to occur over long periods of time. A temperature increase of 3.5"C (6°F) over 30
years, as some models predict, would be much too sudden for physiological systems to
adjust naturally. Aside from direct effects on human life, certain animal species may be
extinguished while others proliferate; if pests were to be winners, our crop yield could be
further reduced. Bacteria may proliferate and new diseases or epidemics may develop.
One popular image is the melting of the polar ice caps. Certain scientists from the
International Panel on Climate Control (IPCC) conclude that, at the current rate of
warming, sea levels will rise by between 10 and 30 cm (with a "best guess" of 20 cm or
8 inches) by the year 2030, and by 30 to 100 cm (with a best guess of 65 cm) by the end
of the next century.
This would have direct impacts on coastal areas all over the world: for example, an
increase of one meter (approximately 3 feet) in sea levels could inundate up to 15 percent
of Egypt's arable land and 14 percent of Bangladesh's net cropped area (Woodwell).
Such scenarios are discussed frequently in the public media; however, there are many
scientific uncertainties in the models used: meteorology is extremely complex since it
reacts to changes in any element of the planet and even planetary factors. While the
latter, such as heat generated by the Sun or tidal cycles in phase with lunar periods, are
beyond human grasp, man not only shifts the balance through industrial emissions but
also by changing the natural flora: deforestation has an important compounding effect on
global warming.
d) Deforestation. a Compounding Factor
Deforestation is leading to a dramatic decline in a precious sink for carbon dioxide in the
atmosphere. Nafis Sadik gives a striking illustration of the current situation: "Today,
between 7.6 and 10 million hectares are eliminated outright every year -- an area the size
of Austria -- and a further 10 million hectares are seriously degraded. The FAO (Food
and Agriculture Organization) predicts that 150 million hectares, or 12 percent of the
remaining closed tropical forests, could be lost by the end of the century.
"In tropical Asia, 1.8 million hectares of closed forest were cut every year between 1976
and 1980. Large areas of forests have already disappeared in Indonesia, Thailand,
Malaysia, the Philippines, India, Burma, and Laos. But it is in Brazil, most notably the
provinces of Rondonia/Acre and Mato Grosso, where the destruction is taking on new
and terrible proportions. In six Amazonian states, the deforested area increased by more
than 150 percent between 1975 and 1978, encompassing 7.3 million hectares. Of
Rondonia's 243000 square kilometers, more than 20000 have been cleared completely
and another 100000 grossly degraded."6
Although no specific data correlating areas of deforestation with reduced C02 absorption
were found at the time of this writing, the effect is scientifically accepted as significant.
1.2.2. Chlorofluorocarbons (CFC's) and Ozone (03) Depletion
Whether or not we are subject to unreasonable global warming is still debated. Ozone
depletion, on the other hand, is scientifically proven and measured.
As clearly depicted in Figure 1 above, stratospheric ozone (03) acts as a shield against
the Sun's unltraviolet rays (UV); it forms a layer in the upper atmosphere which reflects
much of the incoming UV. Without this shield, too much UV would reach Earth's
surface to allow any of the current lifeforms to survive. This explains why spacecraft
traveling beyond the atmosphere require special shielding and why ozone depletion is
associated with skin cancer on earth.
In 1974 Mario Molina and Sherwood Rowland at the University of California, Irvine,
issued the first ozone alert .7 Since then, a lot of research has been committed to the
phenomena, revealing the existence of a huge hole in the stratospheric ozone layer above
the Antarctic and a smaller one over the Arctic regions.
a) Evidence of Ozone Depletion
Over the Antarctic
The current hypothesis about the origin of the southern ozone hole attributes significant
effects to particular polar clouds, prevalent during certain times of the year over the
Antarctic. These clouds provide an essential vehicle for the breaking down of certain
chemicals, such as chlorofluorocarbons (CFC's), into 03-depleting compounds which
destroy the ozone layer. Chemicals emitted in industrial areas, such as Buenos Aires or
Sao Paulo, are transported through high-altitude airflows to the polar region where they
react with local atmospheric phenomena. This scenario is not universally accepted at this
point but it receives wide scientific support because it concurs well with scientific
monitoring of the "ozone hole." Fortunately, the Antarctic region is only very sparsely
populated and any urban centers are well beyond the reach of the ozone hole.
* "More Worrisome," Over the Arctic
However, a similar hole has recently been observed over the Arctic polar region. This
has alerted many more environmentalists and politicians because of the much shorter
distance between the North Pole and urban centers of the Northern hemisphere, such as
New York, Tokyo, or Moscow. In February, 1992, following several direct
measurements from aircraft and satellites, NASA announced that the ozone layer could
be temporarily depleted by the late winter of 1992 by as much as 40 percent over certain
regions; these included the northernmost parts of the US., Canada, Europe, and Russia
(Lemonick).
However, applying the same model as that hypothesized for the Antarctic hole yields
significant discrepancies with actual measurements. Given the quantities of pollutants
released, the extent of ozone depletion should be much larger than is experimentally
observed. Hence, there is presumed to be a mitigating effect which scientists are now
trying to determine. Perhaps it is some form of replenishment of ozone from an
undetermined source, or maybe the limited existence of these polar clouds which results
in reduced occurrences of the depleting reaction.
b) Effects of Ozone Depletion
Depletion of ozone layer means the destruction of a protective shield against the sun's
harmful ultraviolet rays. Estimates by the United Nations Environment Program predict a
26 percent rise in the incidence of non-melanoma skin cancers worldwide if overall ozone
levels drop 10 percent. Ultraviolet light can impair immunity to infectious diseases in
animals, and high doses of UV radiation can reduce the yield of basic crops such as
soybeans. A more insidious but perhaps even more devastating impact could come from
the effects of this radiation on the growth of phytoplankton, which are a major element of
the ocean food chain.
C) Origin of CFC's
Emissions of CFC's (Chlorofluorocarbons) have been driven by economic growth in
developed countries: chlorofluorocarbons serve in quantities of industrial processes, from
aerosols to refrigeration and electronics. By 1989, industrialized countries, with less than
25 percent of the world's population, were consuming close to 85 percent of CFC's. In
1974, the year when-the CFC-ozone depletion connection was hypothesized, CFC
production hit a historic peak. Until that time, the United States was by far the major
producer, with nearly half of the global total, with all other EC (European Community)
countries together accounting for less than 40 percent. Currently, however, that situation
has reversed itself. The European Community has now become the dominant producer in
this market, following the banning of CFC's in aerosols by the United States in 1978.
Japan's share of the world market has also increased to 11-12 percent over the years 8.
However, international agreements have been signed banning CFC emissions.
d) Low-level Ozone Pollution
If inhaled as a gas however, ozone is highly toxic to humans. It is one of the major
components of urban smog and is responsible for the declared periods of reduced activity
in cities such as Mexico and Los Angeles.
Although a-priori not associated with the production of energy, the existence of a gigantic
mass of the gas positioned in the Southern Atlantic, on the order of 3000 kilometers in
diameter, has been recently revealed by NASA studies. The gas seems to result from
large scale burning of forests in Brazil and southern African nations. 9
While the reported effects of the migration of this mass over a densely populated area
could be dramatic, it has not yet received much publicity in the press of our
"industrialized world." Perhaps this is due to our "guaranteed distance" from this mass of
pollution, since air masses seldom cross the equator.
1.2.3. Nitrous Oxides (NOx), Sulfur Dioxide (S02), and Acid Rain
The most well-known regional atmospheric phenomenon is that of acid rain. European
concern over this type of precipitation originated in the early 1960's and was the principal
factor motivating the 1972 Stockholm conference.
Although acid rain is also an international issue, its impact is more regionally limited than
those of global warming or ozone depletion. Acid rain results from the absorption of
S02 and NOx in rain-clouds which typically travel at lower altitudes and precipitate
before covering large distances. Hence, the regions affected by acid rain are relatively
close to the source of the pollution and are much more dependent on local weather
patterns, especially prevailing winds. Remediation efforts might require some
cooperation with immediate bordering nations, but not the multiple parties involved in
global warming or ozone depletion. One important corollary is the possibility of
establishing responsibility.
a) Trans-boundary Effects:
For instance, it has been determined that roughly half of the acid rain in Canada is
attributed to pollution from the United States 10: the predominant source has been
established as power plants burning high-sulfur coal in the Ohio River valley and lower
Midwest region. In Chapter 3, in dealing with policy implications, we present a table
illustrating S02 depositions in European nations due to foreign emissions.
b) Environmental Damage Due to Acid Rain:
In Western Europe, many forests, ponds, and lakes have been found to be in deteriorating
condition. In Scandinavia, 20000 of Sweden's 90000 lakes are acidified and 4000 of
these are thought to be totally devoid of fish life. In former West Germany, the word
"Waldsterben" ( forest death ) symbolizes the public concern for the problem which
currently affects seven million hectares, or 14 percent, of forest lands in 15 European
countries. In Krakow, Poland, damage to stone monuments and buildings is so severe
that stone is described as dissolving. In Czechoslovakia, over 70 percent of the trees
surveyed had been damaged.'1
In China, coal-burning industries emit about 17 million metric tons of S02 into the
atmosphere each year, along with some 23 million metric tons of particulates from smoke
and dust. More than half of all rainfall monitored in large areas south of the Yangtze
River have a pH of less than 5.6. In both Chongqing and Guiyang provinces, metal
structures and concrete works also have suffered serious corrosion damage due mainly to
the effects of acid rain (Sadik).
In the United States, acid rain has increased the acidity of many lakes and streams,
sometimes leading to the death of aquatic life. It has damaged forests in the eastern US.
and has also accelerated the corrosion of buildings and monuments. The US. National
Surface Water Survey discovered that at least 10 percent of the lakes in the Adirondack
region of New York state have pH values below five. Across eastern North America , the
forests of the Appalachian Mountains have suffered serious damage. In Canada, 300
lakes in Ontario Province have been seriously affected, and an additional 48000 lakes are
designated as " acid sensitive". Eastern Canada's sugar maples are dying out over wide
areas.
These effects are tremendous and have stimulated responses from most nations
concerned: several agreements have been signed as will be discussed in Chapter 3.
However, the case of global warming could have consequences just as alarming yet still
little exists in the way of international policy to address it. One major contributing factor
is the uncertainty which surrounds Global Climate Models.
1.2.4. Uncertainties Associated with Global Climate Models (GCMs)
As stated earlier, the complexity of the system and our limited understanding of weather
phenomena make it impossible to predict climate change given the means currently
available. Several Global Climate Models exist but all are agreed by most scientists to be
grossly inaccurate and inadequate for any definite climate predictions. Following are
three principal justifications for this inadequacy:
a) Complexity of Global Climate Models (GCM's)12
While the shielding effect of ozone is universally recognized, 03 contribution to global
warming illustrates one of the complexities of atmospheric modeling. 03 acts both as a
shield against ultraviolet rays incoming from outer space and as a greenhouse gas; lately,
aside from the radiation effects on life forms, it appears that ozone depletion could offset
some of the effects of global warming by providing more cooling than it does warming;
this appears to reverse the previous opposite belief; neither hypothesis is yet proven.
Clouds present another example of opposing effects. On the one hand, clouds absorb
infrared radiation and radiate back to the Earth's surface, thereby contributing
significantly to greenhouse warming. At the same time, these clouds reflect incoming
ultraviolet radiation from outer space and thus provide a cooling effect. Furthermore, all
clouds migrate and change in the process, thereby having different effects on different
regions.
In addition, many chemical processes, like that which causes ozone depletion, are still
unexplained and atmospheric chemistry is not incorporated in the GCM's. But beyond
modeling issues, there is no sound database with which to compare current atmospheric
trends.
b) Time scale of Recorded Weather Patterns:
Accurate weather data has been recorded, in the developed world, for the last one
hundred years approximately. Even if we limit climate models geographically to these
small regions, the recorded fluctuations would appear as only a point on a graph
extending back to the most recent glacial period, some 18 000 years ago. This, in turn,
would be insignificant on a hypothetical chart covering the climatic history of the planet.
Through this century, there has been a trend toward rising average temperatures, in the
range of 0.60 C to 0.80 C. However, this range drops to 0.2 0C if one accounts for point
sources, such as urban areas. Furthermore, the noise inherent in the model is on the same
order of magnitude. Clearly, it is impossible to relate such an uncertain local trend to that
of natural climate cycles.
We have stated the immensity of the timescale of atmospheric phenomena; but the
physical dimensions of the systems involved are equally problematic to understand and
model. Hence, two large components of the atmospheric system are still excluded from
the model: these are the deep ocean currents and the winds.
c) Deep Ocean Currents and Winds: Chaos
Deep ocean currents and winds are currently excluded from Global Climate Models.
However, there is substantial evidence that they have played major roles in past climate
changes. In particular, both exhibit chaotic behavior in the pure mathematical sense.
This means that a small disturbance in winds or currents could lead to catastrophic
changes. As an example, it would not be unreasonable, in such an event, to record
temperature changes on the order of 50 C over a thirty to forty year time span! Human or
other effects could potentially induce such a disturbance.
Beyond human effects, material limitations are the last element of these uncertainties.
d) Computer Limitations:
From a modeling point of view, all equations must be solved numerically, not
analytically. In this realm of complexity, even the most advanced supercomputers lack
the capacity to run advanced climate models.
e) The Next Fifty Years Will Tell:
As technology evolves, advanced systems will improve modeling capability. At the same
time, additional experiments may reveal other factors. From the data verification point of
view, it is expected that within fifty to one hundred years from now enough data will
have been recorded to judge the accuracy of climate model predictions.
Consequently, the majority of scientists guard against overreacting to these phenomena
and advocate prudent and gradual policies.
Given the extensive damage revealed, it is mandatory for man to act in order to ensure
sustainable development. Until now, industrialized nations have drawn from natural
resources without any consideration for their possible depletion; alarms have been
sounded in the past but economic and political tones overshadowed the physical aspect of
limited resources. Simultaneously, our industries have been releasing foreign substances
into the atmosphere, water, and soil.
The threats of potential climate changes presented above are the first signals that we may
be causing irreversible damage in our natural environment. Unlike oil crisis of the 70's or
90's, we will not be able to resolve these problems with negotiations or brute force.
Consequently, in spite of major uncertainties in the global phenomena, we must prepare
to change our consumption patterns so that we may live in better harmony with Earth's
natural environment. As recommended by politicians, economists, and scientists alike,
the wisest course is one of prudent and gradual adaptation to minimize the likelihood of
our triggering chaos.
Industrialized nations must use their full resources to determine the most efficient and
cost-effective ways to reduce our consumption patterns. At the same time, the potential
cost of an environmental catastrophe should incite us to provide much assistance and
funding to ensure that developing nations grow on sound infrastructures.
We have stated that energy is the second largest contributor to atmospheric pollution. In
the next section, we will establish its fundamental role in social development. In light of
the growth forecast for developing countries, we must provide the technical expertise to
construct plants with low emissions or, preferably where it may be cost-effective, plants
which use renewable energy sources.
No cost models have yet been revealed which enable one to evaluate the cost of specific
environmental damage. However, when one considers the worst case scenarios, such as
dramatic increases in the number of skin-cancer cases, the avoidance of even a very low
probability of occurrence still amounts to large social benefits.
The following chapter examines the trends toward further development as a justification
for stimulating conservation measures. We will subsequently examine the policy
framework.
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CHAPTER 2;
ENVIRONMENTAL DEGRADATION AND HUMAN
DEVELOPMENT
2.1 Introduction
This chapter establishes relationships between the environmental problems discussed in
the previous section and developing human activities. It emphasizes the importance of
energy in the industrialization process and highlights the growing role of electricity. The
following chapter then reviews regulatory trends.
2.2 Viewing the World as Three Major Economic Blocs
For policy analysis purposes, the World can be divided into three major blocs, each
having different developmental problems and environmental issues. First are the
industrialized nations, which are responsible for most of the existing environmental
damage. Next, there are the centrally-planned economies of the former Soviet Union, its
satelite countries, and China, where the current quality of the atmosphere is disastrous, as
seen in the last chapter. Finally, there are the developing nations, of which South
American and southeast Asian countries are typical, which are on the verge of imminent
development. Depending on the source of reference, India is somtimes associated with
the latter group of nations, other times it is not mentionned or associated with less
developed nations. For the purposes of this document and corresponding with many
other sources, India, Africa and several other nations will not be presented, except in
special cases; this is because their industrial development appears in a more distant future
than that of the nations mentionned, and is therefore not seen as posing an imminent
threat to atmospheric emissions.
Most data available about environmental degradation and energy consumption is from
developed nations. Furthermore, a majority of other nations are following trends
identical to those of industrialized nations at the beginning of the industrial revolution.
This section will therefore focus on the status in industrialized nations and suggest likely
parallels to be followed by the other blocs.
Industrialized countries are the largest source of airborne pollutants, followed by the
centrally-planned economies, and developing countries (DC's) trail behind. Figure 1,
below, shows the respective contributions of each block to SOx and NOx emissions
incurred by the production of electricity; it also shows that, if developing countries follow
our pattern of development, they will reach emission levels similar to our present values
by the year 2010. This is the key element in present international negotiations and the
chart will be referred to in the next chapter of this thesis, in analyzing some of the policy
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Figure 2.1: Distribution of SOx and NOx Emissions Based on Electricity
Consumption in Three Major Economic Blocs (Winje, 1991 and OECD, 1989)
In 1987, 36% of the world's primary energy was used for the production of electricity,
31% of which was attributable to developing countries; the share of DC's is expected to
grow to 46% of the worldwide energy market given their forecast growth rate of 5.8%
which compares to a 3.2% world growth. 1 Industrialized nations are currently
responsible for about half of worldwide C02, SOx, and NOx emissions,. These figures
are all the more shocking given that industrialized nations only hold about 12% of the
world population.
Environmental degradation and particularly atmospheric emissions, are a result of
industrialization and population growth. In the last two hundred years, carbon dioxide
emissions have grown exponentially as Europe and other OECD nations underwent their
industrial revolutions, and energy consumption has grown proportionally. In the
paragraph dealing with US. energy patterns below, Figure 7 shows a three-fold increase
in energy consumption between 1949 and 1990. The column chart of Figure 2 establishes
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Such correlation must not be viewed independently however. Energy consumption,
which is directly correlated with consumption of fossil fuels, is not the result of
population increases only. We argue below that energy use is the result of industrial
development. On this basis, if industrialization had taken place uniformly throughout the
World, the consumption of fossil fuels might have been greater by an order of magnitude
since industrialized nations comprise only about 12% of the World population. This is
one main argument used throughout this thesis to support that environmentally-
acceptable technologies must be made easily accessible to developing nations.
The consumption patterns which have resulted from our industrial revolution have
allowed us to achieve considerable scientific achievements as well as very high levels of
material wealth and these are now seen as life standards which all of humanity is striving
to achieve. But the scientific forecasts indicate that similar growth for the remaining 88%
of the world population could not be sustained by our natural ecosystem, particularly in
the framework of atmospheric decay exposed in the last section. On the right hand side
of Figure 1, forecasts for emissions in the year 2010 indicate an average increase by a
factor of 4.5 in the amount generated by electricity generation in developing countries;
this would result in emissions on the same order as the current emissions of industrialized
nations which are causing all the current concern. Hence, developing nations will play an
increasingly important part in worldwide emissions.
The data presented by Winje, which served as the basis for Figure 1, shows that, within
OECD nations, electricity accounts for about 1/3 of SOx emissions and 1/6 of NOx







Figure 2.3: Share of Electricity in SOx Emissions in OECD Nations






Figure 2.4: Share of Electricity in NOx Emissions in OECD Nations
(Winje, 1991 & OECD, 1989)
In the United States, for example, coal-burning electric power plants are the primary
source of sulfur dioxide and a leading source of nitrogen oxides. Another section, below,
will address evidence that, as an industrial society matures, electricity becomes
increasingly important and is therefore a good indicator of development trends as well as
the second major factor affecting atmospheric emissions.
2.3 Developed Countries:
2.3.1. Effect of Industrial Development on Energy Consumption
a) Indications of Increasing Energy Consumption
Figure 5 shows the gigantic increase in fossil-fuel consumption since the industrial
revolution, with the inlay giving the current distribution among production sources. The
exponential growth which followed World War II peaked in the late 70's and slowed
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Fig. 2.5: Growth in Fossil Fuel Consumption and Current Distribution
(Adapted from The Greenpeace Report, 1990)
In spite of improved efficiency and conservation, our lifestyle is such that any dramatic
decrease in our energy consumption is very unlikely. Our industries produce more and
more goods for us to consume; gradually, we become accustomed to rapid rates of
turnaround in our material possessions, with cars being the ultimate example. As
production processes have become more efficient, employment has become critically
dependent on the demand for more products; some products are designed to have a
limited lifetime in order to ensure a steady demand. More energy is necessary to produce
more items and, thus, energy finds itself intrinsically linked to employment. This simple
reasoning serves to show that increasing demand for energy is an irreversible process in
our developed society.
b) Indications of Decreasing Energy Consumption:
However, historical records show that, as an industrialized society matures, it becomes
more energy efficient: in the early phases of industrialization, the development of an
industrial base requires large amounts of energy input; in later phases, society shifts to
less energy-intensive activities. This trend is reflected in the following graph, where
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Fig. 2.6: Evolution of Energy Intensities in Various Countries








Environmental pressures may combine with this trend to further reduce the rate of
increase of energy consumption in industrialized nations; this can be seen from the target
set by the Toronto Conference and designated on the chart below.
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Notes: 1) Arrow indicates target for OECD nations as defined in Toronto Conference
2) OECD is Organzation for Econemic Cooperation and Development, LDC's are Lesser
Developed Countries, CPE's are Centrally Planned Economies, PRC is People's Republic of China
Fig. 2.7: World Energy Consumption, 1968-1987
(Adapted from Goldemberg, Energy and the Environment in the2lst Century)
This chart highlights two important points. First, the median energy consumption in
OECD nations has increased slowly, despite the maximum cyclical amplitudes; the
Toronto Conference target attempts to stabilize energy consumption at 1973 levels.
Although this seems like a realistic goal due to improved energy efficiency, any further
decrease will incur increasing marginal costs and are therefore unlikely.
Secondly, centrally planned economies (CPE's) and lesser developed countries (LDC's)
are on a steadily increasing trend of energy consumption. Using the analogy with the
UU 7
case of industrialized nations, this trend is likely to increase during the initial phase of
industrialization and infrastructure development. Assistance from industrialized nations
to LDC's in every possible form will be necessary to ensure that their growth follows a
more efficient path than the one of present industrialized nations, with reduced impact on
the environment.
c) Energy Trends in the United States
Figure 8, below, illustrates the trend in energy consumption in the United States. The
first oil shock gave an impetus for reducing energy consumption. It took a repeated
scenario in the early 80's to seriously reduce the American trend of energy consumption.
The position of the present administration is likely to reinforce that trend and to align
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Figure 2.8: U. S. Energy Consumption and Production
(Adapted from U. S. Energy Information Administration, Annual Energy Review 1991)
This figure also illustrates an increasing gap between domestic production of energy and
consumption. This may be the result of foreign trade which makes certain fuels cheaper
to import than to produce domestically, rather than suggesting that the United States is
running out of energy supplies, as argued by certain groups of environmental activists.
Figure 8 highlights the importance of the oil shocks in pressuring the United States to
reduce its energy consumption: important fluctuations in the petroleum curve match with
the timing of reductions in energy consumption on the previous graph. This trend
contrasts with a decreasing trend in natural gas consumption and a relatively steady
growth in coal exploitation. The timescale of the graph has been expanded in certain time
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Figure 2.9: US. Energy Consumption by Source
(Adapted from Annual Energy Review, U.S. EIA, 1991)
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Figure 2.10: US Energy Production by Source
(Adapted from Annual Energy Review, U.S. EIA, 1991)
This graph clearly shows the steady progression of coal as a growing source of energy.
In the latter half of the 80's, natural gas has followed a path similar to that of coal, and the
growth rate of nuclear power appears faster yet. Nuclear power development however, is
likely to be substantially delayed given the position of the newly-elected administration
of the US government.
d) Dominance of Coal as a Fuel for Energy
In the U.S., coal has grown to be the largest source of electrical energy as shown in the
figure below; in the twenty years between 1965 and 1985, the share held by coal in the
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Figure 2.11: U. S. Electricity Production by Fuel
(Adapted from Princiotta, Energy and the Environment in the 21st Century)
Coal accounts for about 60 percent of the fossil-fuel electricity in the world; it remains
highly abundant throughout the world as shown in Figure 12, and it is predicted to remain












Fig. 2.12: World Non-Renewable Energy Sources
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Fig. 2.13: Evolution of World Energy Utilization
(Adapted from World Energy Conference Conservation Commission, 1986)
e) Future Trend of Energy Production in Developed Nations:
As argued above, energy is a fundamental and irreversible necessity of our every day life.
Consequently, there is a finite base level which can be approached through conservation
means and improved efficiency, and which has been tentatively established at the Toronto
Conference. We shall see below that one way of improved energy efficiency is through
greater electrification of industrial processes. The flattening out of the consumption
curve will occur through technological improvements in conservation and production
systems.
Despite these goals, our production and distribution processes are so complex that it is
difficult to assess the precise environmental benefits of certain technologies. While
retrofitting devices, such as catalytic converters on automobile exhaust systems and flue
gas desulfurization devices on powerplants, can reduce emissions at the "end of the pipe,"
a true life-cycle analysis may reveal only a transfer of pollution from one area to another:
manufacturing the retrofit device consumes energy and produces by-products which
offset the environmental savings obtained by its installation.
The trend for exponential growth exhibited in Figure 4, above, is not likely to drop
because, as industrialized nations approach their maximum energy use level and turn to
more energy-efficient processes, emerging economies will require increasing amounts of
energy which will add to the current level of energy used by industrialized nations.
2.3.2 Increasing Role of Electrical Energy
Figure 13 below shows the increasing share of electrical utilities in energy consumption.
While the shares of the three other main energy-consuming sectors remain approximately
constant, the share of electrical utilities increases from about 15% in 1950 to 40% in
1988.
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Fig. 2.14: U. S. Energy Consumption Trend by End-Use Sector
(Adapted from US EIA, Annual Energy Review, 1988)
One major reason for this growth can be seen from the trend plotted in Figure 15: as the
fraction of energy provided by electricity has risen in the United States, the amount of
energy required for each unit of GNP has steadily declined.
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Fig. 2.15: U. S. Energy / GNP Ratio and Electricity Fraction 1880-1985
(Adapted from Yeager, Energy nad the Environment in the 21st Century)
Given the evidence that electrification helps attain considerable energy efficiency in
production processes, it is likely that future economic growth will tend toward even
further electrification. Some predict that the role of electricity in the world will continue
to grow just as dramatically during the next 50 years as it has during the past 50 years .3
This trend toward improved energy intensity also appears in Japan .4
2.3.3 Conclusion About Industrialized Nations and Energy
This trend toward greater electrification in industrialized nations, along with the current
dependence on fossil fuels as a primary energy source, suggests the continuing potential
for the burning of fossil fuels.
A shift is predicted however, away from oil towards natural gas and coal. This is shown
in Figure 11 above and is confirmed in several independent studies. The 1986
International Energy Outlook (IEO), published by the Energy Information Administration
(EIA, part of DOE), states that "oil's contribution to primary energy consumption [will
go] from just over 50% of the total in 1980 to...between 38 and 41% [by the year 2000]."
Further,"...about a third of 1985 energy growth occurred in the developing countries [and]
consumption between 1985 and the year 2000 is projected to grow the most in the
developing countries (Figure 6).
In support of the previous point about improved energy efficiency with advanced
industrialization, the same report points out that the largest forecast growth in
industrialized nations will occur in the service and high-tech sectors, both of which are
much less energy intensive than basic industrial infrastructure.
2.4 Eastern Europe and China or Centrally Planned Economies
(CPE's)
2.4.1 Energy Sources in CPE's
The abundance and low price of coal have long supported economies in Eastern Europe,
the former Soviet Union, and China. One major problem is that a large part of it is
"brown coal" which contains high levels of sulfur.
a) Former Soviet Union and Eastern Block
Roughly 21 percent of the world's proven recoverable coal reserves can be found in
Eastern Europe and the former Soviet Union, and speculative estimates suggest up to 74
percent of the world's total coal reserves 5. In Poland, until recently, electricity, coal, and
natural gas were priced at one fourth , one half, and four fifths of world market levels 6
In China, coal supplies three fourths of total energy: at current rates of consumption,
reserves could last another 1000 years. Consequently, electricity prices are about 20
percent of global average[Chandler, Makarov, and Dadi]. Major industries in these areas
have long relied upon the relative abundance and low costs of these energy resources.
Fumes from burning coal is the major source of airborne wastes in these countries. In
1982 alone, for example, China burned nearly 460 million metric tons of coal7.
2.5 Developina Countries
Based on the above logic, it is clear that the development of LDC's will hinge on the
production and distribution of electricity to the general population and industry; this
opens a large market for the construction of new electrical powerplants.
In comparison with living standards of industrialized nations, developing countries are
grossly "under-electrified:" only 15 percent of total world production of electricity
supports 56 percent of global population8. Economies rely on the production of materials
and services: selling these goods generates revenue to the manufacturers and sellers, and
the state picks up a tax on the transaction. These taxes then serve to finance the
development of an infrastructure to promote social welfare and facilitate the generation of
more outputs, the sale of which will increase the standard of living of the society. One
fundamental element of production systems is the availability of energy: without energy,
there is no way to transform any raw material into a finished product with an associated
increased value. In our "civilized" lifestyle, energy has also become a basic element of
human life: household electricity is a prerequisite for all appliances and electricity is
necessary to support most parts of the social infrastructure, from hospitals to
communications. Many developing nations have neither electricity as a household
commodity, nor even as a commercially-available resource for their industries.
The communications revolution has contributed to setting the living standard of
industrialized nations as a target for all other nations. This will accelerate the demand for
industrialization and electrification in two ways:
* First, it raises the lowest acceptable living conditions: "the world" sees electricity as a
primary necessity for any human society.
* Secondly, awareness of higher lifestyles creates demand for "modern" products. Since
importing them from industrialized nations is impossible due to the disproportion in
currency values, there is additional incentive for local manufacturing.
Figure 16 shows the United Nations Population Fund (UNFPA) estimates for the growth
of world population and emphasizes that 90 percent of total predicted future population
growth is expected to be concentrated in developing countries.
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Fig. 2.16: Growth of World Population
(Adapted from N. Sadik, UNFPA, 1989)









0 . -I-- +f -I
Fig. 2.17: Contribution to Global Human-made C02 Emissions
(Yeager, Energy and the Environment in the 21st Century, from C. Starr, 1989)
Figures 2.1, 2, and 3 of this section highlighted the forecast growth of emissions from
electricity generation in developing nations: between 1987 and the year 2010, the average
emissions from LDC's is expected to increase by a factor of 4; the forecast for SOx is of
15 Million tons. Furthermore, based on the OECD example, emissions from electricity
generation would only represent about 1/3 of total SOx emissions.
Many nations still lack modern generation facilities for supplying electricity, and
transmission systems from those few power plants that do exist cover only small regions.
a) Problems Compounded by Deforestation. Decreasing C02 Sink
The following phenomena may be cited as additional important sources of airborne
wastes in rural areas of developing countries:
an
* burning wood, obtained by cutting down trees, for daily life in areas lacking
access to commercial energy.
* burning forests for farmland in areas where existing farmland may be in
relatively poor condition and technology is lacking for improving yields and
soil quality.
* cutting down trees for pasture land or for commercial logging, an activity
sometimes promoted by governments in an attempt to secure hard currency
from developed countries.
b) Reduced Wood-burning Through Electrification
Assuming that wood-burning pollutes more than the pollution resulting from the
construction of a powerplant and the generation of an equivalent amount of energy,
electrification may provide the additional benefit of reducing atmospheric emissions by
eliminating at least the first activity.
2.6 Implications for Policy
Let us recall the conditions of environmental decay surveyed in section 1 and establish a
relationship with the electrical industry, as we have just reviewed it in this section; this
will lead us into the next section which presents the policies which regulate electrical
powerplants to limit atmospheric contamination.
2.6.1 Common Features and Differences Between Atmospheric Phenomena:
The global issues surrounding emissions of CO2 , CFC, NOx, and SO2 have some
common features. First is that concerns about global warming, depletion of the ozone
layer, and acid rain are shared by virtually every country. Second is that every country in
the world actually contributes to the perceived problems, or has the potential to do so.
Third, the driving forces behind all these concerns are anthropogenic ones such as
population growth and economic development.
There are also some differences. First is the geographical extent of the effects: as
explained in the previous section, acid rain is more localized than global warming or
ozone depletion. Consequently, resolution of problems concerning the former involves a
limited number of parties; by contrast, virtually every nation, regardless of its own
emissions, is concerned by the two more global phenomena; efforts by any one region or
country would do little to solve these problems unless other nations around the world also
took similar actions.. A second difference is that while there is strong scientific evidence
concerning the effects of CFC's, NOx, and SO02, the global warming issue associated with
CO2 is far more debated.
This material can be summarized in two basic categories for the purposes of policy
analysis, differentiated by the geographical scale of the effects:
2.6.2 Two Classes of Effects:
a) Global effects
On a global scale, as in the case of greenhouse gases, emissions in one part of the world
affect the planet as a whole. Furthermore, current models can neither predict the
displacement of the gases released nor their origin once they are in the upper atmosphere.
Responsibility cannot be assigned. Also, corrective efforts by any single country would
not be sufficient to alleviate the problem to restore its own healthy environment. Such
issues can only be addressed by a broad international cooperation.
b) regional-transboundarv scale
Acid rain is the most probing example of transborder issues. Unlike ozone-depleting and
greenhouse gases, sulfur dioxide, the main culprit of acid rain, reacts in the lower levels
of the atmosphere; it becomes trapped in clouds and falls with any precipitation on the
ground directly below. Generally, the transportation distances are relatively short, on the
scale of several hundred miles. Given the current size of nations, this confines the effects
to immediate neighbors. Responsibility is clear, and corrective action involves a few
parties.
2.6.3 Socio-economic Impacts of Global Phenomena:
As of 1987, OECD countries accounted for nearly half (49%) of the world's total C02
emissions due to energy consumption. By sharp contrast, developing nations (excluding
China) accounted for only four percent. Yet global warming and ozone depletion affect
all nations regardless of their emissions.
Furthermore, carbon dioxide emissions have so far been an inevitable and direct
byproduct of industrial development. Potential consequences of global warming, the
industrialization of Less Developed Countries, and the current trend of population growth
paint a dire picture of the future.
Having dealt with the consequences of acid rain and alarmed by scientific forecasts of the
other two global phenomena, industrialized nations are attempting to limit industrial
processes as a way of reducing emissions. Various taxing regulations and penalties are
being suggested to curb atmospheric pollution. Options include carbon taxes and a
worldwide ban on the use of CFC's has been declared.
2.6.4 The Dichotomy: Efficient Development versus Sustainability
CFC's however, have been essential in our technological development, permitting many
low-cost processes, from refrigeration to printed circuitry. Hence, such bans will
eliminate certain low cost technologies which will hamper the industrialization of
developing nations unless suitable cost-effective substitutes can be found. The equity
issue is even more striking, given that developing countries have only contributed a
minute fraction of total CFC emissions. Consequently, they may reasonably insist on the
right to continue to use CFCs in their development unless some sort of assistance is
provided by industrialized nations. According to one study in 1989, even if the use of
household refrigerators in all developing countries were to grow by 30 percent annually,
this use would only amount, by the year 2000, to less than 2 percent of the global 1986
consumption of CFC's9.
Similarly, we have stated the availability of fossil-fuels in many developing nations,
particularly high sulfur coal in China; it is clear that LDC's cannot agree to have their
development limited as a consequence of uncontrolled emissions during the
industrialization of the "northern hemisphere." Furthermore, national security issues
restrict the desire by industrialized nations to transfer certain technologies, such as
nuclear technology, to "politically unstable" nations. Hence, the response of LDC's to the
acid rain issue may very well be to dismiss it until industrialized countries are willing to
provide substantial technical and financial assistance for coping with NOx and S02
emissions.
Such global effects and broad-ranging issues clearly illustrate the necessity for sound
negotiations involving compromises from all nations.
Global warming could have even more ambiguous implications on local and international
economics.
a) Specific Scenarios Associated With Global Warming:
Consider, as a regional example, what would happen if climate changes were to shift the
corn belt of the United States to move several hundred kilometers north and east: then, a
loss of perhaps a billion dollars a year by Iowa's farmers eventually could well become
Minnesota's billion dollar gain. On a world scale, such shifts in agricultural production
would alter the distribution of natural resources in a way uncontrollable by mankind.
Also, as mentioned earlier, important changes in sea-levels could change geographical
borders.
These scenarios highlight the global nature of atmospheric phenomena and emphasize the
need for global negotiations to ensure sustainable development.
b) Population Growth Depletes CO Sinks:
CO2 concentrations are not strictly a function of emissions; plants absorb the gas and
large areas of green, particularly tropical forests, provide a mitigating effect. Current
deforestation in developing countries exacerbates the problem by reducing a precious
sink for atmospheric C02. Forest land is being cleared for agriculture and trees are being
cut down for fuel in nations where large portions of the population depend on non-
commercial energy sources.
Dramatic population growth in these countries creates a need for greater food production
and more fuel for energy. According to the United Nations Population Fund (UNFPA),
the world's population now stands at 5.4 billion, but will rise to 6.25 billion by the turn of
the century. At this rate, at least 3 billion more people will be added to the world
population between 1985 and 2025. Over 90 percent of this growth will occur in the
developing world 10.
2.7 Remarks
Policies must be developed which will take into account environmental problems as well
as developmental issues. Regulations appear on two different levels: at the domestic
level, nations are establishing standards to preserve their environment from further
damage by domestic plants, although these may be foreign subsidiaries; internationally,
policies are developed with the intent of drawing from history to prevent similar mistakes
in the course of growing development. In this case and in addition to the previously-
exposed arguments concerning developing nations, issues arise about trade restrictions by
imposing environmental standards on traded goods. Many international summits and
negotiations will take place before any unanimously-acceptable agreement is reached.
Such is the complex framework within which policies must be developed.
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CHAPTER 3:
INTERNATIONAL NEGOTIATIONS AND POLICIES
3.1 Historical Background of Concern for Air Quality
3.1.1 Early Signs of Concern for SO02 & NOx
NOx and S02 are among the oldest atmospheric phenomena to have raised public
concern.
a) Cases in the U.S.
From the period of the 1940s in Los Angeles, many cases of eye-irritating smog received
public attention. Even though the sources of this smog were not established definitively,
NOx and S02 were identified as two types of pollutants that had potentially serious
effects on human health. In 1948 , in Donora, Pennsylvania, some 6,000 illnesses and 20
deaths were attributed to a smog that lasted six days. Another pollution episode that
lasted four days in New York City in November 1966 caused 80 deaths and resulted in a
state of emergency being declared by Governor Rockfeller. 1 Serious concerns about
human health triggered by such episodes were reflected in the Clean Air Act in 1970.
This legislation set National Ambient Air Quality Standards (NAAQSs) based mainly on
human health concerns and potentially detrimental effects on regional welfare. NOx and
S02 were among listed pollutants as shown in Table 3.1.
Table 3.1:
Excerpts from U. S. National Ambient Air Quality Standards (NAAQS)
(Adapted from Elsom, 1987, and US EPA, 1986)
Pollutant Period of Primary Standard (Health) Secondary Standard (Wellfare)
Measurement
CO 8 hours 10 000Mg/m 3  9 ppm None None
1 hour 40 000pg/m 3  35 ppm None None
N02 Year (arith.mean) 100 pg/m3  0.053 ppm 100 Lrt/m3  0.053 ppm
03 1 hour 235 pg/m3  0.12 ppm 235 tg/m3  0.12 ppm
Year (arith.mean) 80 gg/m3 0.03 ppm None None
S02 24 hours 365 gg/m3  0.14 ppm None None
3 hours None None 1300 tg/m 3  0.5 ppm
Note the absence of any limits regarding C02 in this table. This illustrates the novelty of
concern about greenhouse gases as opposed to gases considered toxic to health and
therefore to society which were regulated as early as 1971 (NAAQS for CO established
30 April, 1971). Also, the differentiation between health and welfare standards suggests
that some correlation must have been established between the health damage incurred by
such toxic gases and the cost of remediation to society. Although the specifics of this
issue are beyond the scope of this research, this may be a precedent for the valuation of
environmental damage costs to society.
b) In the U.K.
In Britain, S02 showed up as one of major health-related air pollutants causing the
notorious "London smog" in 1952. London smog was characterized by dangerously high
pollution levels including peak daily concentrations of nearly 4000 pLg/m3 for SO02 and
6000 pgg/m3 for smoke (suspended particulate matter ). Many cases of respiratory
diseases, including bronchitis, influenza, pneumonia, tuberculosis, and a death toll of
4,700 were believed to be closely related to this notorious smog.
This was one of main driving forces for the Clean Air Acts of 1956 and 1968 in Britain.
Under these Acts, S02 emissions were addressed by requiring chimney heights to be
raised high enough so that the ambient density would remain below required levels.
These laws were strengthened in 1974 to bring them into compliance with an expected
EC directive on air pollution. The EC eventually did issue a directive (80/779/EEC) in
July 1980, which dealt with health issues based on medical evidence. Air-quality
standards of this EC directive set the limits for S02 and smoke in urban areas as shown in
Table-2 (Elsom).
Table 3.2:
European Air Quality Standards: SO2 and Smoke in (pg/m 3)
(Adapted from Elsom, 1987, and European Community Comission)
Reference Period Limit for SO02 Associated Value Absolute Limit for
for smoke Smoke
Year 80 >40 80
Winter 130 >60 130
Day 250 >150 250
Note: European Community Standards per Diretive 80/779/EEC, according to the OECD Smoke
Calibration curve.
~-
In establishing these limits, the EC standards establish a direct correlation between the
toxicity of S02 and that of smoke; using the yearly figures for instance, one can deduct
that smoke is considered to be about twice as damaging to health, in terms of simple
concentrations (limit 40gpg/m 3), as sulfur dioxide (limit 80 jgg/m 3); also, the correlation
of these effects changes over time: in the short term, on a daily basis, the relationship
between the two standards is slightly lower than on the yearly basis ('150 vs. 250). The
basis for this correlation may be helpeful in defining pollution costs as the regulatory
trend develops.
c) In Germany
Germany's situation has been similar to that in Britain. Prior to 1983, S02 had been
addressed for some years mainly from the standpoint of health protection. The ambient
standard for S02 was 140 p.g/m3, which was not so strict as the EC directives' standard
of 80 to 120 gg/m3. The Germans also had frequently adopted the tall chimney strategy
for dealing with local air pollution. 2
d) Japan
In Japan, S02 was listed as one of the serious pollutants threatening human health in the
Air Pollution Control Law promulgated on June 10, 1968 (GEI, Chap.4). 3 The passage of
many environmental laws in Japan was triggered in large part by the following four
historical lawsuits on environmental disasters (mainly serious health problems). These
lawsuits were: "Toyama Itai-Itai (ouch-ouch) Case ", "Yokkaichi Air Pollution Case",
and "Niigata and Kumamoto Minamata Disease Case". In those suits, a strong
relationship was declared between the industrial activities of defendants and the serious
illnesses suffered by plaintiffs. In the case of S02, the strong relationship between S02
and asthma problems suffered by plaintiffs were asserted in Tsu District Court and the
defendants were ordered to pay approximately 88,000,000 yen (GEI, Watanabe).
The effects of acid rain on ecological systems have been reported from all over the world
bringing it to the forefront of environmental negotiations.
3.1.2 The Transboundary Nature of Acid Rain and Historic Negotiations
a) Evidence of Transboundarv Effects in Europe: a Study by the UNECE
The Co-operative Programme for Monitoring and Evaluation of Long-Range
Transmission of Air Pollutants in Europe (EMEP), organized under the auspices of the
United Nations Economic Commision for Europe (UNECE) and with financial support
from the United Nations Environment Programme (UNEP), conducted a study on acid
deposition in several countries (Elsom). Table-3, shows that a substantial part of acid
deposition within each country results from the S02 emissions of other countries.
According to the study, foreign pollutants account for about 77 percent of the sulfur
deposition in Norway, 70 percent in Sweden, 64 percent in Finland, 80 percent in Austria,
and 84 percent in Switzerland if half of the "undecided origin" of Table-3 is assumed to
be from foreign countries. In this table, the right hand column illustrates the particular
stakes which different nations may have in supporting or opposing environmental
regulations. Nations such as the United Kingdom, Spain, or Italy have very low ratios of
foreign/domestic sources of depositions. This means that these nations are far more
affected by emissions from their own activities than from activities in other countries.
Consequently, there is little spontaneous incentive for such countries to support
legislation on transboundary pollution. At the other end of the scale, countries such as
Switzerland or Austria receive most of the acid precipitation as a result of activities in
neighboring countries and therefore should be strongly supportive of such treaties.
Table 3.3:
S02 Deposition due to Foreign Emissions
(From Elsom, based on 1982 data)
Country %of total %of total %total deposition Ratio
deposition from deposition of from indigenous foreign/domestic
foreign sources undecided sources sources of
background deposition
Albania 67 18 15 4.5
Austria 76 9 15 5.1
Belgium 53 6 41 1.3
Czechoslovakia 56 7 37 1.5
Finland 55 19 26 2.1
France 34 14 52 0.6
Fed. Rep. 45 7 48 0.94
Germany
Dem. 32 3 65 0.49
Rep.Germany
Italy 22 8 70 0.31
Luxembourg 73 0 27 2.7
Spain 18 19 63 0.29
Switzerland 78 12 10 7.8
Sweden 58 24 18 3.2
U.K. 12 9 79 0.15
These figures however, are only percentages, not real amounts; this explains why a nation
such as Albania has a very high ratio of foreign to domestic depositions. Low domestic
activity is overwhelmed by any sontamination from outside sources. Hence, this data is
not suitable for quantitative analsyses; it illustrates one aspect of the international
implications of emissions regulations.
In particular, this data illustrates the debate facing the European Community in terms of
the relative authority of The Community over Memeber State jurisdiction: "dirtier"
nations, those having very low ratios in the right column of Table 3, have plenty of
incentive to clean up their activities as a means of cleaning up their domestic
environment; "clean" nations on the other hand, only have an incentive to pressure "dirty"
neighbors to clean up their mess at home. Hence, there is a tradeoff to be established
between the reluctancy of nations, particularly the "dirty" ones, to bow to international
regulatory pressures, and the need to clean up one nation's own environment for the
benefit and salubriety of the population. The result is that regulations which may benefit
society as a whole may be delayed for strictly political motives.
b) Canada and the U.S.
As for the situation between the U.S. and Canada, both countries admit that air pollutants
of each side cause tremendous environmental impact across the border. About two-
thirds of the sulfur deposition in eastern Canada originates from emissions in the United
States and about one-third of the deposition in the northeastern U.S. originates in Canada
(Elsom).
c0 International Negotiations
The highly publicized incidents, the growing scientific evidence, and the bilateral and
multinational diplomatic maneuvering, all helped accelerate international negotiations on
this issue so that substantial agreements could be reached.
d) "The Thirty Percent Club"
In 1979, a conference of the 34 member countries of the United Nations Economic
Comission for Europe (ECE) formally adopted the Convention and Resolution on Long-
range Transboundary Air Pollution (LRTBAP). Although this Convention lacked a
specific timetable for reduction in emissions of the air pollutants involved, this treaty still
can be cited as a starting point for relevant negotiations. After this Convention,
Scandinavian countries urged that some specific target or timetable be set. But this was
opposed by the U.S, West Germany, and Britain.
However, many countries did agree to reduce S02 by 30 percent by 1993 at a meeting of
the Convention's Executive Body in June 1983. Several other countries later joined this
specific commitment. Table-4 shows the progress on ratification of this convention and
subsequent timetables for S02 reduction.
Among those powerful nations which had opposed any specific target, West Germany
suddenly reversed its decision and joined the "Thirty-Per-Cent Club" in 1982. This
followed scientific revelations that 50 percent of the former West Germany's trees had
been injured by Acid Rain, which was led to the name of "Waldsterben " explained in
Section 1. In 1983, West Germany imposed even more severe limits than those required
by the EC Directive, requiring all major power stations to reduce S02 emissions by 85
percent, and NOx by 60 percent, in half the time-period specified by the EC Directive.
Britain and the U.S., however, chose not to join the "Thirty-Per-Cent Club", both with
similar reasons.
Table 3.4: (From Elsom and UNEP, 1987)
Signatories to the CLRTBAP and Targetted SO2 Reductions
Dale of
accesson to
Date OIe ThirtyPr- Promised reAcdions
Signatory ratio'caton Cent Club of SO,, from 1980
Austria Dec. 1982 June 1983 50% by 1995
Belgium July 1982 June 1984 50% by 1995
Bulgaria June 1981 June 1984 30% by 1993
Byelorusslan SSR June 1980 June 1984 30% by 1993
Canada Dec. 1981 June 1983 50% by 1994
Czechoslovakia Dec. 1983 Sept. 1984 30% by 1993
Denmark June 1982 June 1983 50% by 1995
Finland April 1981 June 1983 50% by 1995
France Nov. 1981 March 1984 50% by 1990
Germany (Democratic
Republic) June 1982 June 1984 30% by 1993
Germany (Federal
Republic) July 1982 June 1983 60% by 1993
Greece Aug. 1983
Hungary Sept. 1980 April 1985 30% by 1993
Iceland May 1983
Ireland . July 1982
Italy July 1982 Sept. 1984 30% by 1993
Liechtenstein Nov. 1983 June 1984 30% by 1993
Luxembourg July 1982 June 1984 30% by 1993
Netherlands July 1982 March 1984 40% by 1995




Sweden Feb. 1981 June 1983 65% by 1995
Switzerland May 1983 June 1983 30% by 1995
Turkey April 1983
Ukrainian &R June 1980 June 1984 30% by 1993
USSR May 1980 June 1984 30% by 1993
United Kingdom July 1982
USA Nov 1981
European Community July 1982
e) Britain and the U.S. Refuse to Join:
i) Britain:
Britain's reluctance came from the fact that domestic emissions of S02 had already
dropped by 42 percent since 1970, and by 24 percent since 1980. Thus, the British
argued, it was unfair to set the year 1980 as the reference for reduction.
ii) The U.S.
The U.S. offered similar arguments. Having already committed to substantial reductions
in the Clean Air Act of 1970, SO02 emissions had already dropped by 36 percent,
incurring substantial costs to industry. 1980 was in fact already close to the lowest point
in S02 emissions by the US: average levels at 229 urban sites showed a reduction of 36
percent from 1975 to 1984, and overall emissions decreased by 16 percent during the
same period as shown in Figure 3.1. Subsequently, only a small number of urban sites
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Figure 3.1: National Trend of SO02 Emissions in the U.S.
(Adapted from US EPA, 1986)
Similar difficulties arose in the diplomatic maneuvering between the U.S. and Canada:
Canada offered a 50 percent reduction in S02 emissions from 1980 levels by 1993. But
the U.S. rejected this offer on the previous grounds. Canada unilaterally committed to
this specific target and the diplomatic relationship deteriorated as a result of this
disagreement. Now, as the European Community attemmpts to develop emission limits
and considers some form of international tradeable permit scheme, France is using a
similar argument, demanding "retroactive" compensation for the emissions avoided by
the development of their nuclear program for electrical energy.
iii) International Pressures:
In spite of these objections, the international trend put pressure on the U.S. and Britain to
join in efforts to reach the target set by multinational consensus. In the U.S.,this
contributed to The New Clean Air Act of 1990.
Although this issue has now moved onto the global agenda, the limited transboundary
nature of acid rain has made it relatively easy to reach substantial agreements without
protracted negotiations.
3.1.3 History of International Negotiations on CFCS
International negotiations on CFCs originated in 1974 after the scientific discoveries of
Mario Molina and Sherwood Rowland, as discussed in the previous section. 4 While
public concern mounted around the world, the U.S. aggressively tackled this issue,
banning the non-essential use of CFCs in aerosol propellants in 1979. Since the U.S. was
the largest producer of CFCs, this initiative gained respect from nations around the globe,
and soon other countries, including Canada, Denmark, Finland, Norway and Sweden
joined in imposing a ban or reduction on the non-essential aerosol uses of CFCs; these
nations formed the Toronto Group.
In a more tentative move, the EC countries, which were responsible for 34 percent of the
world sales of CFCs, issued a directive requiring a 30 percent reduction in the use of
CFCs in aerosol cans by the end of 1981 (Elsom).
Widespread public concerns led to the first major international conference on the CFC
issue in Vienna in March 1985. Although this was the first international meeting in which
the seriousness of CFC issue was agreed upon, no specific target or time schedule for
CFC reduction emerged.
The Montreal Protocol in 1987 was the first to propose a specific agenda, calling for a 50
percent reduction in CFC production by 1999; it followed the 1985 publication by
British scientists of findings that ozone levels recorded during the Antarctic springtime
were about 40 percent lower than they had been in the1960's.5 Three years later, as signs
of ozone-depletion increased, international delegates met again and dsigned the London
Ammendments, agreeing on a total phaseout of CFCs by the year 2000.
It took some 17 years after the initial warnings before an international agreement on a
total ban was reached. The long negotiating period was due to the lack of concrete
scientific evidence, allowing skeptics to postpone any intervention until more robust
scientific findings emerged.
Industry Response:
After the Montreal Protocol was signed by 24 countries, Du Pont Chemical Company, the
world's leading producer of CFCs, announced plans to phase out production of these
chemicals in March 1988.6 In this sense, the existence of a specific international target
and timetable proved crucial for stimulating a rapid response by industry. Such
international pacts help clarify the situation for industry, helping to reduce investment
risks. This example also implies that once a substantial commitment emerges, it can
become the basis for a sophisticated strategy for industrial firms that hope to penetrate
potential new markets essentially guaranteed by a definitive international agenda.
3.1.4 History of Negotiations on C02
In October 1988, the international conference organized by the Global Greenhouse
Network recommended a 20 percent cut in C02 emissions by 2000 and a 50 percent cut
by 2030 (Corson). This proposal, however, was strongly opposed by the U.S., Japan,
Britain, the former Soviet Union, and other countries at the Noordwijk, Holland,
conference in November 1989.7
In November 1988, UNEP and the World Meteological Organization (WMO) established
the Intergovernmental Panel on Climate Change (IPCC). At its first meeting in Geneva,
IPCC formed working groups: one to assess scientific information, the second to evaluate
the impacts on environment, social, and economic systems, and the third to formulate
realistic strategies. In 1990, IPCC completed its report on Global Warming: the findings
strongly supported the potential seriousness of global warming (GEI, section B). Actual
negotiations were expected to dominate the United Nations Conference on Environmental
Development (UNCED) in 1992. However, due to the complexity of the issue, no
specific targets were agreed upon.
As mentionned earlier, global warming controversies stem mostly from scientific
uncertainties and from the enormous socio-economic impacts which any policy would
have on every nation of the the world. It is clear that it will take considerable time for
different countries at different stages of development and different cultures to agree on a
common solution.
Different countries have very different stances on how to address this issue. European
countries (mainly in the Economic Community) and Japan currently insist on imposing
substantial emission reductions at the international level. The U.S., however, remains
very cautious about setting substantial reduction limits and a schedule, stressing the
importance of further scientific efforts to resolve uncertainties before taking costly
actions. On the other side, developing countries are very concerned about the potential
unfairness they may suffer from any commitment on substantial reductions.
3.2 History of Policies Focusing on Combustion Emissions:
Since the focus of this document is the powerplant industry, discussions will now be
centered on combustion by-products, namely CO2, NOx and SO02. As a measure of the
possibilities for policy, it is useful to briefly mention the automotive industry.
3.2.1 Regulation of Automotive Emissions in the U.S.
The transportation industry is the largest source of combustion emissions and has been
one of the first targets of emission regualtions.
In March, 1989, the U.S. EPA presented to Congress the results of a two-year study of
ways to counter global warming. This report recommended radical steps to be taken by
the year 2000, including greatly improved motor vehicle efficiency and home insulation,
a carbon tax on fossil fuels, major reforestation programs, and a phase-out of CFCs
(Corson). Concerning motor vehicle efficiency, it proposed that Congress mandate
Corporate Average Fuel Economy (CAFE) standards of 40-mpg fleet averages by the
year 2001.8
The Case of California
In California, by 1998 at least 2 percent of a car company's sales in that State must have
"zero-emissions", or else that manufacturer will face stiff financial penalties. By 2003
the zero-emission standard is due to apply to 10 percent of each car company's state-wide
sales. At present, this policy appears to be pushing the development of electric cars. 9
And two giant Los Angeles utilities, Southern California Edison and the Los Angeles
Department of Water and Power, announced in May 1991 that they were setting their
own targets for reducing C02 emissions, aiming for 20% cuts from 1988-89 levels over
the next decade.
There is strong opposition to the CAFE target, for example, because it is argued that it is
not a cost-effective approach and that it would put a huge cost burden on the automobile
industry to redesign its vehicles. There is also strong opposition against reformulating
gasoline. According to the study by the oil industry, reformulating gasoline would be
less cost-effective than installing pollution prevention devices in vehicles or enacting a
stricter emissions inspection system. Modifying refineries to meet the proposed
reformulation standards may end up raising the wholesale cost of gasoline by 25 percent
or more; industry argues that such a sharp hike in prices would never be broadly
supported by the U.S. public and may gain support only from environmentalists. 10
Even the California policy on automobiles is being challenged with the charge that a
switch to electric cars would lead to increased fossil fuel burning to supply the electricity
needed to recharge them.
These debates suggest the importance of spelling out cost-effective and integrated
schemes for achieving declared goals.
3.2.2 Different Approaches
Stances of different countries vary widely on how to address these issues. European
countries (mainly in the Economic Community) and Japan currently insist on setting
substantial emission reductions at the international level. The U.S., however, remains
very cautious about setting substantial reduction limits and a schedule. U.S. negotiators
stress the importance of further scientific efforts to resolve uncertainties before taking
costly actions. And developing countries are very concerned about the potential
unfairness they may suffer from any commitment on substantial reductions. It will be
very difficult to resolve these differences, which remain an enormous barrier to realizing
international cooperation.
There are many critics of the stance of each viewpoint. Some charge that Europe or and
Japan "...are unrealistic, how can they attain such impractical targets with no promising
cost-effective strategy?". Some criticize the U.S. position, saying "their insistence on
pointing out the importance of scientific efforts is only an excuse for avoiding or
postponing this issue so as to protect their current society based on comfortably cheap
and abundant fossil fuels". And some charge that the developing countries "...are too
selfish, insisting on their own privilege to enjoy the same type of economic activity as the
developed countries without paying attention to the health of our planet". It should be
noted there is no country which thinks this issue is not important.
Another difficult debate is over how to attain equity among nations, especially between
the developing and the industrialized worlds. It is difficult to come up with a scheme to
reasonably allocate initial emission rights to all countries in a fair manner even if there is
a willingness to adopt some strategy for addressing the equity concern. Technology
transfer is a key issue, and coming up with a scheme to raise funds to achieve this on an
international basis is a vital part of the remaining agenda.
3.2.3 USA
The new Clean Air Act of 1990, also known as The Clean Air Act Ammendments
promised a more flexible and cost-effective control system than the original act of 1970.
Table 3.5:
Excerpts from the Clean Air Act Amendments of 1990
(Source EPA Journal, Jan-Feb. 1991)
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This new legislation promotes a scheme of "tradeable permits for S02 emission rights."
The EPA estimates that this approach will result in at least a 20 percent cost savings over
a traditional command-and-control system. Furthermore, bowing to international
pressure, the national ceiling of S02 emissions must be reduced 10 million tons annually
from 1980 levels.
3.2.4 European Community
Most of the following is extracted from Chapter 3 of Global Environmental Issues and
Interrnational Business, cited above and in the Reference Section.
a) Community-wide
At the Community level, general air quality standards, applicable to all members, were
established by the following directives:
* sulfur dioxide and particulates limits were established in 1980 under 80/779/EEC,
* lead standards are in 82/884/EEC,
* and nitrogen dioxide is regulated by 85/203/EEC.
More specific directives distinguish between stationary and mobile sources.
Under 84/360/EEC, "new or modified industrial plants that may have substantial air
emissions are required to receive permits from local authorities...the authorities must
consider whether the facility is applying best available technology, not entailing
excessive costs (BATNEEC), whether the air quality standards for the area, and...any
specific ...standards [for] that particular type of facility..."are being met. 88/609/EEC
covers emissions from large combustion plants and "sets emission standards for sulfur
dioxide, nitrogen oxides and particulates." Municipal waste incinerators fall under
89/369/EEC and 89/429/EEC. Other targets for BATNEEC regulations include the
cement industry, and industries releasing solvents and other organic compounds.
b) Suecific Member Regulations
Original principles for regulating air pollution in France date back to 2 August, 1961:
Law 61-842 regulated emissions from stationary plants. A 1972 circular from the
Ministere de l'Environnement establishes monitoring networks for air quality and
provides for temporary plant shutdowns when levels exceed established standards. An
interesting question becomes the effect that these regulations may have had on the
national switch to nuclear power.
Italian Law 615 of 13 July, 1966, covers domestic heating, industry, and includes motor
vehicle emissions. EC directives have been incorporated into Italian laws since 1982, but
the national Ministry of the Environment was only created in 1986; a 1987 decree has
already created difficulties in the implementation of EC directives by delegating some
jurisdiction over environmental regulations to regional authorities.
Spanish legislation followed France, with the passing of Law 38 of 22 December, 1972,
and was consequently very similar in establishing a monitoring network and targeting
certain particularly polluted areas. As one of the more recent members of the EC, Spain
benefits from an extension for the implementation of many of the Community directives
on environmental regulation. Split authorities, similar to the Italian system, combined
with the late consolidation of the Federal Environment Department (March 1990) may
lead to future difficulties.
In the United Kingdom, the Public Health Act of 1936 regulates "any dust or effluvia,"
regardless of its commercial origin, which has potential for harming human health.
Subsequent Clean Air Acts in 1956 and 1968 control emissions of smoke, grit, and dust.
Another pioneer in pollution control, is the former West Germany. "Under the Federal
Air Pollution Act (1974), emissions from industrial plants into the air are subject to more
stringent control than under the EC's 1984 framework directive." Since 1979, statements
of emissions are required of all managers wishing to renew the required annual operating
license for their installations.
EC directives became more strict and more technology-based after the Convention and
Resolution on Long-range Transboundary Air Pollution (CRTBAP). The directives
introduced a licencing system for new plants while requiring considerable modifications
to existing plants. Under the directives, each member country employs its own control
system for NOx and SO02 and other air pollutants, such as particulates and soot.
The EC Directive (88/609/EEC) limits total emissions from combustion plants exceeding
50 MWof power in each country and requires: by 1995, emissions are to be reduced by
60 percent in S02, 40 percent in NOx, and 40 percent of particulates, taking 1980 as the
base year (Elsom).
Being a member of the Community, Britain is constrained to the same limits.
Independently, Denmark has vowed to cut its C02 output to half the 1988 level by 2030.
And former West Germany has vowed to cut its C02 output to 75 percent of the 1987
level by 2005.11
3.2.5 Japan
The Japanese regulatory system basically adopts ambient air quality standards mainly
based on concerns about human health. Ambient standards on NOx and S02 are very
strict. When a potentially responsible party is found to be guilty of any environmental
damage, the social and financial cost is enormous. These pressures of both ethics and
economics are the crucial incentives for industries to employ state-of-the-art technologies
in addressing NOx and SO02.
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3.2: Average NOx and SO2 Emissions of Thermal Powerplants in Japan
(Adapted from GEI and Furuichi, 1990)
However, achieving improved air quality domestically will not be sufficient to address
public concerns about acid rain: neighboring China is the largest consumer of high-sulfur
coal and dominant easterly winds transport acid rain to the Japanese archipelago. So far,
international pressures have not been succesful in obtaining cooperative measures from
China. Japan is offering to provide technology to reduce these emissions so as to protect
itself from the damages of acid rain.
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3.2.6 Less Developed Countries
Many developing countries, such as Taiwan, Hong Kong, Thailand and some Latin
American countries, have been aggressively enacting air quality regulations, based on the
ambient air quality standards of 1970 Clean Air Act of the U.S.(GEI Chap 5).
NOx and S02 are addressed, but mainly from the standpoint of human health. In this
sense, in spite of the remarkable progress in international negotiations on acid rain, with
even some of the Eastern European countries ratifying the Convention and Resolution on
Long-range Transboundary Air Pollution (Elsom), many developing countries are still
dealing with NOx and S02 only considering human health at the local and regional level.
The future attitude of developing countries in setting new control systems based on
international agreements is still unclear, but it is most likely to be an extension of rules
for a wide range of pollutants based on health concerns.
However, as mentionned above, any initiative is likely to be delayed until the developed
world offers substantial incentives, either in the form of direct or indirect financing, or
through the transfer of technology.
3.2.7 Eastern Block
Very little is known about the Eastern block and China. The opening of the former
Eastern block borders has revealed dramatic pollution in many areas. While the health of
the populations is directly affected in several areas, particularly in Poland and
Czeckoslovokia, political issues are often more pressing, as evidenced by the situation in
former Yougoslavia. Nonetheless, environmental pressures are significant and it is likely
that these nations will quickly follow international policies once these are established.
This is reinforced by the desire of many eastern nations to join the European Community.
Planned economies might lead to greatly increased NOx and S02 emissions because a
lack of market mechanisms could result in inefficient use of coal and dependence on
outmoded technology.
China poses a much greater problem. Given the abundance of high-sulfur coal, the
centralized economic system has little incentive to change its energy production methods.
At this point, there is no ndication of any environmental policies to deal with atmospheric
pollutions. As stated previously, Japanese industries may end up funding any emissions
limiting devices in China, so as to protect themselves from acid rain of chinese origins.
3.3 Global Warming: Policy Making Under Uncertainty
At least among industrialized nations, targets for the reduction of CFC's are now
established; acid rain is also being addressed to some degree or another by most nations,
mostly under the pressure of immediate effects. Global warming is by far the most
controversial issue because of the uncertainty of its effects and because of the intangible
and global natures of C02.
Equity concerns among developing countries is another factor blocking the smooth
progress of this process. Major investments would be required in developed countries to
reduce emissions, and this has been a big factor in delaying agreement (GEI Chap. 11).
Financial assistance to developing nations by the industrialized countries was one of the
hotly debated topics at the UNCED meeting in Rio. A point of additional complexity is
the determination of the distribution of such assistance between the Eastern European
nations and the developing countries.
This complex scenario divides the industrial and scientific communities in three camps
regarding the imminence of policies to limit CO2 emissions.
3.3.1 Act Now
Numerous scientists argue that a sustainable future depends on immediate action to
reduce atmospheric emissions. Stephen H.Schneider at the National Center for
Atmospheric Research in the U.S. says that even though there are many uncertainties in
current predictions and that it is very difficult to identify what action should be taken
right now, we should still initiate "reasonable" strategies because of the current almost-
unanimous consensus on the potential worst-case scenario. He continues that it will be
too late if our society acts only after confirming the actual consequences of our current
activities; an irreversible trend toward dramtic damage will already be under way.12
Simmilarly, W.S. Broecker, at Lamont-Doherty Geological Obserbatory of Columbia
University, emphasized the potential consequences of global warming on agriculture and
wildlife to recommend immediate action.13 William Fulkerson, at Oak Ridge National
Laboratory, agrees that, despite the uncertainties on global warming and future trends in
energy consumption, we must stimulate R&D immediately to develop viable
alternatives. 14
At a conference on the science and economics of global climate change held in U.S.,
many European delegates agreed that the top priority is prompt action rather than waiting
for scientific clarification of current uncertainties. American officials, however, called
for greater scientific research to resolve the many uncertainties on global warming. At
that time, President Bush called for a "global change data and communication
network."15
While the idea of a "no regrets policy," supporting immediate preventive action, rather
than running the risk of tremendous damage in the future, receives strong support, a
major problem still remains: no one has any clear idea of how to implement cost-effective
options that would not harm current economic activities. Consequently, many argue that
the wisest alternative is to wait for additional scientific data.
3.3.2 Wait for More Scientific Evidence
Those who support this idea maintain that human society has been successful in dealing
with slow-pace phenomena such as that which might be imposed by global warming, and
accordingly, that it is reasonable to tailor policies to the level of scientific understanding.
This idea supports committing large resources to scientific research before undertaking
any industrial policy.
Philip H. Abelson, deputy editor on Engineering and Applied Science of the journal
Science, argues that there are so many uncertainties on global warming that if a strategy
for energy change were implemented now, it would lead to serious sacrifices, such as
dramatically changed life styles or job losses. If, instead, efforts are devoted to scientific
research, we should be able to determine scientific uncertainties in about 10 years: top
priority should be given to intensive efforts to clear up these scientific uncertainties. 16
Michael E.Schlesinger of the Department of Atmospheric Science at Oregon State
University says it is essential to reduce the current uncertainties, such as the magnitude,
timing, and regional detail of any future climate change.
Allen Bromley, presidential science adviser in 1989, insists that it is too early to take
concrete actions under the current situation where so many scientific uncertainties
remain. He opposed sending delegates to the Hague Conference saying that if some
agreements were made at the conference, the U.S. would suffer serious economic damage
because it contributes about one-fifth of total amount of world C02 emissions. 17
Although this argument can be reconciled with the principle of sustainable development,
by arguing that it considers the needs of both present and future generations, it conflicts
directly with the evidence of damage from acid rain and ozone depletion: hence, this
argument is often interpreted as being only an excuse for delaying costly progress to
resolve the C02 problem.
3.3.3 Ignoring Global Warming
Skeptics of the more severe global warming scenarios argue that the best strategy is to do
nothing. They feel that increased global warming due to rising C02 levels in the
atmosphere is not a serious problem, because the contribution of C02 to the greenhouse
effect is not substantial, and that the rate of increase in warming it might cause is
negligible.
Richard Lindzen, an MIT climatologist and leader of the global warming skeptics,
acknowledges the possibility of C02 doubling in the atmosphere, but denies that this will
cause any large increase in average global temperatures. He contends that the
atmosphere has built-in mechanisms that will allow it to take care of itself. He cautions
that the rush to reduce emissions of C02 and other greenhouse gases is ill-advised. 18
The Marshal report, a 35-page document by George C.Marshall Institute, a Washington
D.C.-based think tank, says that the temperature rise of 0.5 degree C observed during past
100 years has nothing to do with global warming. Instead, because of a mini-Ice Age
predicted for the next century, global temperatures can be expected to actually be
decreasing, or at least on a flat trend.19
With the intensity of public concern about this issue, however, the idea of doing nothing
about global warming is at a disadvantage in the policy debate. Adding weight to the
arguments of critics of the do-nothing approach is a recent report (1990) produced by a
working group of the International Panel on Climate Change (IPCC) that decisively
concludes that global warming is on the way and the consequences will be serious. 20
3.4 Two Forms of Policies: Direct Reaulation vs. Market Incentives
The approaches to controlling airborne wastes can be classified into a regulation-based
approach (command and control-type system) and a market-based approach. The former
can further be divided into the following two categories. One is Ambient Air Quality
Standards and another is Technology-Based Regulation.
3.4.1 Two Types of Direct Regulations: Ambient Air and Technology
a) Imposing Technology
A technology-based approach specifies quality and process of the particular technology
employed for treating emissions rather than specifying the air quality itself. In this
sense, it is even easier to administer or manage than the ambient air quality standards
approach. The advantage of this system lies in "being able to secure the certainty of
environmental improvement "and in "being easy to control [ease of administration or
implementation ]"(WRI). But this system also has drawbacks. It may be overly strict,
and thus not cost-effective, in some cases, and too inflexible in allowing selection of an
appropriate option for each concerned party. The technology-based approach has been
aggressively introduced into EC countries, especially the former West Germany. The EC
directives mentioned earlier, (84/360/EEC) and (88/609/EEC), employ the principle of
technology-based regulation in addressing the acid rain issue.
b) Imposing Air Ouality Standards
The Ambient Air Quality Standard (AAQS) has long been the most popular. Under this
system, the density of air pollutants within a specified area from specified sources is
controled under rules on allowable concentrations. Each concerned party can select not
only from available technology options, but also from different methods for management
or for effective scheduling. The main drawback of this system is that it is very difficult
to attain a desired improvement in air quality when the number of potential sources
increases. This adds great complexity, often making it unrealistic to monitor the
atmosphere to pinpoint specific problem sources. The 1970 Clean Air Act in the U.S.
was based on Ambient Air Quality standards.
3.4.2 Market-Based Regulation
In comparison to these methods, market-based approaches are difficult to design and
implement, even though they may theoretically be more cost-effective. This is a
relatively new concept and has seen few substantial achievements so far.
All these market-based approaches are essentially more cost-effective than a regulation-
based approach if they are well designed. They are expected to create incentives for
technology innovation or for improved management of production processes. They are
based on the concept of achieving environmental goals with an innovative and profitable
scheme that ends up minimizing total social costs.
So far, there are not many precedents for market-based strategies. An important test of
the concept will be the ambitious strategy adopted in new Clean Air Act in the U.S. for
addressing the issue of acid rain. The EPA estimates that this approach will result in at
least a 20 percent cost saving over a traditional command-and-control system.21
Market imperfections bring obvious problems to market-based approaches. First of all,
setting targets which will ensure cleaner technologies yet will not cut too deeply into
industry profits is a difficult tradeoff to establish. Next, free market behavior relies on a
pure competitive arena, without any monopolies; yet, technological innovation, which
tends toward monopolistic behavior by granting a significant competitive advantage to
the inventor, is key in the development of more environmentally proper technologies.
If the market is highly monopolized, there is no incentive for monopolistic companies to
improve their own activities (by either technological innovation or by improving the
management of production process) to gain profits through the trading of emission
permits (selling its own allocated permit to take advantage of the company's expertise on
emission reduction which it may have acquired due to the motivation provided by this
strategy, or buying some other company's permit at a cost less than that of complying
with the limits set by its initially allocated permit), or through reaping profits by lowering
production costs enough to absorb the costs of a carbon tax, this strategy will collapse
(GEI Chap. 11).
Market-based approaches include a carbon tax, tradeable emission permits, and a systems
of comprehensive least-cost utility bidding and planning.
a) The Carbon Tax
A carbon tax is recognized as the approach most easily administered: a tax is levied upon
any product or merchandise which may produce C02. It is a relatively simple approach
which also provides an incentive for technological innovation and the improvement of
currently inefficient energy consumption methods.22
b) Tradeable Permits
Under a tradeable permits form of incentive, a given firm is allocated an initial specified
amount of emission. Depending on whether the firm produces more or less than its
entitled share, it may sell-off leftover rights, or purchase additional rights, from other
firms. Such trading establishes a maximum amount of national pollution while allowing
for its distribution among the players on a supply and demand mechanism. As of the
writing of this thesis, the first batch of such permits had just been traded on the New
York Stock Exchange.
3.5 Inherent Problems inSocial Structures and How These Prevent
Effective Action
The balance of power between the parties involved and the differences in value create an
intricate array of confusing relationships in which it is impossible to establish right and
wrong. Scientific uncertainties are a major component of the complexity of decisions
pertaining to environmental issues, but the human factor, in fact the very struture of
society is also difficult to reconcile with such broad-ranging issues.
No action can be undertaken which does not involve some sacrifices from the different
parties involved. The public wants its health and social welfare to be protected, and it
relies on the governement to provide such a guarantee. But what price are individuals
willing to pay for only an immeasurable added probability of sustained liveability?
Individuals will not risk their jobs for such an "improvement," so they must support the
industry from which they derive their income. But the performance of the industry is
negatively affected by regulations which restrain its freedom of action. Hence, there is
an inextricable network of tradeoff functions between the public, government, and
industry which are all affected by envrionmental policies.
A simple example can be concocted to represent these multiple interactions: in answer to
the question of "what price is one willing to pay," we may develop the following
scenario. For convenience, we must make three basic simplifications: first, we must
assume that the price in question is a function of one's wealth: rich individuals can afford
to be concerned with the wealth of their offsprings while the very poor must scrounge to
ensure their own subsistence day by day. Second, let us assume that all individuals
receive income from a non-governmental organization, in other words let us assume that
there is full employment within the society which we are considering. Third, it seems fair
to assume that regulations generally affect a firm's performance negatively; this certainly
represents the perception of government regulations among North-american firms.
In this simplified and idealistic (utopic?) model, both wealthy and poor receive income
from some organization and neither are willing to be left without resources. The income
received is a function of the performance of the individual within the firm and it is
proportional to the performance of the firm within the market. In turn, the performance
of the firm is directly affected by market factors and regulations. To ensure its
subsistence, the firm will influence all factors within its realm to maximize its
opportunities; this includes lobbying to prevent the passage of legislations which may be
harmful to its performance. Consequently, all employees or individuals whose wealth
depends directly on the performance of that firm will oppose any legislation harmful to
that firm.
As stated in the preliminary to this problem, regulations are taken as reducing a firm's
performance, which means that the firm, and therefore its employees, must loose some
form of income when regulations are passed.
In choosing a government, the individual then establishes a tradeoff between the
performance of the firm which employs him (her), therefore his remunerations and
standard of living, and the environmental protection which will protect his health. Once
elected, the government must ensure that it supports all such individuals' desire and,
therefore the performance of the firm.
Yet, take the example of a firm that produces CFC's: there is sufficient evidence of
damage and enough public support to warrant stopping the firm's activities. In certain
positive outcomes, the firm will use its capacity to produce a suitable substitute without
incurring overly high production costs; in the worst case scenario, the firm will stop
production and lay-off all its employees. If faced with such a dilemma st the time of the
election, the employee would probably forget about environmental protection for the sake
of preserving his job.
Originally, governments were created to provide protection to members of society and
thus we elect presidents. But, in the complexity of our society, the government finds
itself in a tug-of-war between its original purpose, to provide protection in the best
interests of the members of the community, which may include environmental protection,
and the need to ensure economic subsistence of the same individuals through
employment, that is through economic activity of the industry.
The determination of an optimal solution depends on the proper valuation by the
members of a state of environmental costs. Different components of the society play very
definite roles: scientists must bring well-supported evidence of the existence or risk of
damages associated with specific activities; the public must clearly define its objectives;
the government must be trustworthy of reconciling the scientific data with the value
function of the public; and industry must be relied upon to adjust its activities
accordingly. Visualizing the world as one large ensemble, this brings in the issues of
disparaties between economies of various nations. All of these interrelationships are
fundametally based on trust and the prevalence of social welfare over individual welfare
in all individual's value functions.
Of course, this does not hold and the entire system is corrupt in its very foundations:
individuals seek to maximize their own profit; they expect, in fact they demand,
increasing returns from the source of their income so as to increase their standard of
living, in conformance with the hypotesis presented in Chapter 2, Section 3 A. Similarly,
industry generally sees only an interventionist attitude in the government's policies and
generally rejects them systematically. In the case of the greenhouse effect, industry has
an obvious excuse for vehemently opposing regulation: there is substantial scientific
disagreement among the scientists about the veracity and potential effects of the
phenomenon. However, it is always easy to postpone action and to find justification for
such delay in action.
The first area of action to remedy this problem is at the source: governments must be
entrusted to determine the most probable ooutcomes of the scientific hypotheses
presented, and value each of these according to the public's value function. A strong
cooperative link between scientific findings and policy initiatives is necessary: it must be
made clear that the primary purpose of funding scientific efforts is not to develop elegant
theories, but to help define effective strategies in the best social interest. Without this
recognition, scientific findings may never be turned into practical policies.
3.5.1 The Need for Scientific and Government Collaboration
This was the problem experienced in dealing with the acid rain issue in the U.S.. The
National Acid Precipitation Assessment Program (NAPAP), was initiated, with an annual
budget of $500,000 provided for research over a 10 year period. Many relevant scientific
findings concerning acid rain were produced as a result of these efforts, and the Program
won praise for its scientific accomplishments. But these achievements were not reflected
effectively in the New Clean Air Act due to the lack of effective cooperation among
agencies (Fulkerson).
While we allocate money and energy to scientific research without developing an active
strategy, environmental deterioration continues and may be irreversible. Acid rain, for
example, caused widespread damage before the Convention on Long-Range
Transboundary Air Pollution was signed: only after the Convention went into effect were
some critical national policies enacted. Huge investments may now be needed to take
corrective action for deterioration that might have been avoided.
The lessons of CFC emissions are even more telling. Final action on banning CFC's was
taken seventeen years after Mario Molina and Sherwood Rowland issued strong warnings
on depletion of ozone layer. Later scientific findings confirmed their theory. Yet, while
the international community debated the issue, emissions continued unabated. As many
as 20 million tons of CFCs had been pumped into the atmosphere before worldwide
commitments were finally agreed upon.
3.5.2 The Importance of Non-Governmental Organizations (NGO's):
Mohammad Nazim, Chairman of the Environment Liaison Centre International, says that
it is the role of NGO's to be critical of the way government and industry handle
environmental, safety, and health issues. Labor organizations play an important role in
improving the working and health conditions within factories and minimizing risks to
workers; consumer organizations push industries to produce new and more
environmentally sound products and encourage governments to set up guidelines for
these new products (Roberts, Blaming the Sun). When issues reach the international
negotiation stage, almost all international institutions rely heavily on documentation
developed and presented by NGOs.
3.6 Establishing Responsibility:
3.6.1 Developed Countries are the Major Polluters:
The major sources of atmosphere-polluting emissions have been the developed countries.
The columns on Figure 2.1 show that developed countries (OECD) account for the largest
share of current atmospheric emissions in the world. On the other hand, the forecast
emissions for the year 2010 illustrate the growing importance of developing nations due
to the industrial expansion which was justified in that section. The growth and
development of LDC's cannot be limited by the developed world's concern for
environmental degradation which it has caused in the course of its own growth.
However, concern over the effects of continued decay is strong enough that developing
nations now hold an important negotiating tool (Matthews).
3.6.2 Arguments by Developing Nations and Leverage Implications:
The demand for industrialization by developing countries has the potential for making
these nations a driving force in this global problem in the future, however. Increasing
industrialization seems inevitable because of needs that will be created by the burgeoning
population growth in many of these developing regions. Given the publicity which
industrialized nations have given of their lifestyle, our current living standards have
become the target for many devloping nations. This is particularly well illlustrated by the
on-going attempts at market reform taking place in ex soviet republics. Consequently, it
is inconceivable that the G7 would be able to implement any serious emission limits on
developing nations without providing alternate means of continuing their growth along
paths similar to our own.
Given that we will be as subject to environmental problems as anyone else, and that we
have much more to lose, since LDC's are starting from zero, the new value of the
environment is shifting the political and economic balance between the two hemispheres.
Nations having few "traditional" natural resources other than tourism may be sitting on a
gold mine thanks to their preserved atmosphere.2 In addition to an interesting economic
aspect, this scenario has the potential for starting up a new form of OPEC using clean
environments instead of petroleum. Although these are extreme scenarios, they should
not be merely overlooked; on a small scale yet nearby example is the recent growth of
remote cities in the United States, such as Bozeman, Montana, where the property value
is said to have increased by as much as 30% in 1989.
3.7 Difficulties in Assessing Environmental Costs
Assessing the costs of environmental damage on the scale of world population is
impossible. However, smaller scale models can establish a frame of reference. While it
is difficult at best to differentiate the direct cost of deforestation in Malaysia, for example,
as either a regional resource depletion , with limited bearing on the world scale, or as the
depletion of an entire ecosystem, it is possible to begin correlating environmental
emissions with effects on human activities.
A UNEP feature report in 1990 exemplifies the discrepancy between our economic
indicators and environmental costs associated with industrial production: "Considering
only oil depletion, soil erosion and deforestation, [Roberto Repetto, at the World
Resources Institute] showed that Indonesia's economic growth rate from 1971 to 1984,
originally reported at 7 percent, was in reality only 4 percent."24
Health costs, for instance, can be correlated with environmental decay: the treatment cost
of melanoma in regions of known ozone depletion could be plotted against the depletion
over time. Quantifying the amount of depletion and equating that to the amount of
chemicals released in the same time period gives an approximate value to the health cost
of decreasing the ozone layer. One further refinement of the model can be obtained by
establishing the impact of previously-released ozone-depleting chemicals on the current
change due to cumulative effects which are not linear.
EC countries have called for overall emissions of C02 to be stabilized at 1990 levels by
the year 2000. However, many scientists believe that sharp reductions in C02 emissions
-- not just stabilization -- will ultimately be necessary . These authorities say that even at
1990 rates of emission, atmospheric concentrations of C02 would continue to grow. But
meeting tougher emission level targets would be an extremely difficult task that would be
likely to require enormous investments. One major study, commissioned by the U.S.
Congress and carried out by the Department of Energy, concluded that reducing C02
emission by 20 percent from 1990 levels, for example, would cost $95 billion a year in
2000 (Senators Wirth and Heinz). The February 1990 "Economic Report of the
President" to the US Congress suggested that switching to less-polluting energy systems
could cost "$800 billion, under optimistic scenarios of available fuel substitutes and
increasing energy efficiency, to $3.6 trillion under pessimistic scenarios...to 2100" (GEI
Chap 11).
3.8 Chapter Conclusion
Although no substantial international agreement has been achieved to deal with C02
emissions, there is little doubt that a consensus will emerge to employ stringent limits in
view of the recent history of international negotiations on other global issues such as
CFC's, NOx, and S02. As already described, the Montreal Protocol in 1987 called for a
50 percent reduction in CFC production by 1999. Three years later, as signs of ozone loss
mounted, international delegates met again in London and agreed to a total phaseout of
CFCs by the year 2000.
NOx and S02 agreements are following a similar trend: the international Convention on
Long-Range Transboundary Air Pollution, signed in Geneva in November 1979,
triggered stiffer national policies within many countries. The European Community
pushed ahead by directing that major fossil fuel-fired power plants will be expected to
reduce their sulfur pollution by 60 percent by 1995.
In the U.S., the Clean Air Act of 1970 caused some problems: after its passage, pressures
built for relaxing some provisions, especially from industrial sectors that had to bear the
heavy cost of compliance. Also, since the Act only applied to new plants, it resulted in
cut backs in new construction while stretching out the life of older, inefficient plants that
otherwise would have been replaced. The New Clean Air Act of 1990 seems to be the
first practical policy in the U.S. addressing acid rain problems, with the use of tradeable
emission permits.
There is no free way to reduce airborne wastes. In the case of the U.S., for example, it is
estimated that reducing C02 emissions by 20 percent from 1990 levels would cost $95
billion a year in 2000. The OTA estimates that their "tough scenario," which would
reduce emissions in 2015 by as much as 35 percent below 1987 levels, would require
acting on several fronts simultaneously, such as promoting energy efficiency and
introducing a carbon tax. Even if it were accomplished, there is no certainty that a 35
percent reduction would be sufficient. OTA suggests that it may be necessary to employ
brand new options, such as renewable energy sources, beyond just taking advantage of
currently available options.
Even if it were feasible to identify appropriate goals and effective options for addressing
global warming, any country or organization carrying them out would face enormous
financial obligations. Capital investments so large would be required, that it would
siphon needed funds away from other critical social issues, such as education, welfare,
and research on cancer, AIDS, and other diseases. In the case of developing countries, it
would put a strong brake on development efforts, and it could even dampen economic
activity in industrialized nations.
Jane Pratt of the World Bank illustrates the importance of disparate economies between
the South and North hemispheres: the latter is willing to subsidize developments in the
former in an attempt to slow environmental degradation in the development process;
however, the South sees far more urgency in establiching basic living condidtions, such
as clean water supply, sewage systems, energy ,anad general infrastructure. The National
Environmental Action Plan of the World Bank attempts to define a tradeoff system
between these two classes of desires, by suggesting policies, investment opportunities,
R&D programs, education, and training. 25
This makes it extremely difficult to find a cost-effective option for addressing this issue.
If one could be developed, it would be accepted readily and would present a promising
market for industry. The next chapter focuses on the various technologies currently
available or emerging to limit emissions from the generation of electricity.
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CHAPTER 4: REDUCING EMISSIONS FROM ELECTRIC
POWERPLANTS: AVAILABLE TECHNOLOGIES
4.1 Introduction
Amidst the uncertainties over climatological phenomena and the confusion of
international policy, sources of electricity face a foggy future. The development of many
alternative technologies depend on financial or regulatory incentives which are being
constantly challenged by opposing interest groups. Consequently, it is difficult to hazard
a guess as to the rise and fall of a given technology in the long run. Hence, in this
chapter, we will restrict ourselves to the presentation of the basic principles of various
technologies as these fit in the environmental framework presented in the previous
chapters.
Atmospheric emissions can be reduced in one of two ways: either the material used to
produce the energy can be changed, or the process must be modified to eliminate the
resulting emissions. We will first examine the methods available to modify current
combustion technologies to reduce the emissions since these apply to most current types
of powerplants. Then, in the latter part of this chapter, we will examine alternative
technologies, including renewable energy sources.
A table presenting the essential data for each technology is displayed in Appendix 1.
4.2 Reducing Emissions From Conventional Combustion Plants
In conventional combustion processes, the most logical approach is to change the
combustible. Most plants currently run on oil as the main fuel, but the last decade or so
has seen a large increase in the use of coal or natural gas as main sources of combustion.
While this has been influenced by changes in the price structure and a desired reduced
dependence on foreign suppliers (the Middle East produces most of the World's oil while
coal and natural gas are abundant in many nations: "Coal accounts for 70 percent of
worldwide and 95 percent of US fossil fuel reserves." 1), coal has also been less desirable
due to its potentially high content of Sulfur, however, various coal-cleaning technologies
have been developed to capture gaseous or particulate emissions and, providing
continued improvement in this area, there is a large consensus on the domination of coal
through the first half of the 21st century (Beers).
First, we will review source approaches which involve action on the combustible
material; then, we will examine "end-of-pipe" technologies, which act as filtration
systems fit downstream of the combustor, prior to releasing the gases in the atmosphere.
4.3 Source Approach
4.3.1 Coal Cleaning
Two types of coal can in effect be established: low-sulfur or "clean" coal generally
contains less than 0.5% sulfur and results in very low emissions after the combustion,
while high sulfur coal generally contains over 2% sulfur and is a major contributor to acid
rain. The sulfur content is characteristic of each specific mine where the coal is
extracted. China, for instance, has abundant sources of coal but it is primarily very high
Sulfur coal, or "dirty" coal. In the United States, low-sulfur coal is principally found in
the Western States and in the Southern Appalachian mountains.
The burning of high-sulfur coal anywhere is a major source of acid precipitation. Eastern
Europe sadly testifies the disaster which can result from the long use of high sulfur coal.
One possible remedy is to desulfurize the coal before it enters the combustor. This can be
done through a chemical washing process or through gasification of the coal; the sulfur
may be recuperated for other uses or disposed of separately. This requires an external
operation which incurs additional costs in the energy production process; coal cleaning is
a "secondary S02 trim function, but not the centerpiece of a system," and therefore is not
a central activity of electricity generation; so we won't expand on it. Still, with growing
environmental pressures and regulations, several commercial ventures are on the
horizon.2
4.3.2 Mixed Combustibles: Co-Firing3
Natural gas is so far largely available and offers significant emission reductions since it
virtually produces no particulates or S02; however, as any combustion process, it does
result in C02 emissions. It is therefore questionable whether natural gas is a long term
alternative. The answer to this question depends almost exclusively on the answer to the
problem of global warming. Also, as with all non-renewable combustibles, the resource
remains limited and the geographical location of the exploitation wells has strong
political consequences. Co-firing with natural gas in coal fired burners reduces S02
emissions thereby offering a potentially important role for Phase II of Title IV of the
1990 Clean Air Act Amendments. One option to extend the duration of the supply is the
seasonal firing of coal plants with 100% natural gas; in regions where there is an
abundance of natural gas during the summer months for example, this permits the
exploitation of an inexpensive spot-market, more dependable than a long-term switch to
gas as the main combustible.
Another way of improving combustion efficiency is through the use of steam. Steam
injection into the combustion chamber can increase a generator's thermal efficiency up to
45% (typical gas turbine efficiency is 35%) and simultaneously decrease NOx emissions
by up to 75%. Other developments include intercoolers which may boost efficiency up to
55%.
4.3.3 High Efficiency Combustion Technologies
a) Fluidized Bed Combustors
Coal-fired circulating bed combustors can achieve up to 90% SO2 reduction as a dry
process, meet present NOx requirements and somewhat increase efficiency. There are
two main types as described below.
1) Atmospheric Fluidized Bed Combustors (AFBC):
Circulation is the most efficient of three AFBC designs (shallow-bed, deep-bed, and
circulating). Each maintains a fluidized state of limestone, ash, and sand particles
through an upward flow of air. The circulating design captures up to 95% of the Sulfur,
the deep-bed between 85% and 95%, and the shallow-bed about 60%; in terms of NOx,
the circulating bed produces the lowest emissions (100-300mg/cm.). The principal
disadvantage of AFBC is the much greater volume of solid wastes produced, at least
twice the amount of wet scrubbers, which may result in leaching problems from landfills;
other drawbacks are the high corrosion and erosion of the boiler's metallic surfaces, low
combustion efficiency, and increased capital costs. Nonetheless, AFBC is in growing
commercial use on small units.
2) Pressurized Fluidized Bed Combustors (PFBC)
PFBC operates on the same basic principles as AFBC but, because of the pressurization,
uses smaller size equipment and is particularly well-suited for cogeneration and
combined cycle applications. Corrosion problems are similar to those associated with
AFBC, and there are additional difficulties in cleaning up the hot gas without dissipating
energy. PFBC is only used in small experimental units and can also be used in combined
cycles. There seems to be some doubt as to whether this technology will ever reach a
sustained development. However, Foster Wheeler Corp. received much attention for the
opening of its new second-generation PFBC unit at its research center in Livingston, NJ.
This technology combines Controlled-Flow Split-Flame burners with an overfire air
system to achieve a typical 50-60% reduction in NOx over turbulent burners designed
before the New Source Performance Standards. The result is an increase in efficiency
between 25 and 45% while burning high-sulfur coal and still meeting EPA standards4 .
Experience indicates no adverse effects on the boiler operation. 5
2) Combined Cycles:
Combined cycles use the exhaust heat of standard boilers to run a steam turbine in
parallel to the original boiler. Hot gases exiting the combustion chamber go through a
heat exchanger which vaporizes water to generate the steam. Alternately, the steam may
be used directly to heat the interior of nearby buildings; such designs are common in
many hospitals which have their own fuel generator and is adaptable to conventional
boiler plants located near urban areas where there is a market for municipal heat.
1) Gas Turbine Combined Cycle(GTCC):
GTCC adds a steam turbine, in parallel with the standard combustion turbine, which uses
the waste heat of the combustion process to generate more electricity resulting in lower
fuel use and less emissions for a given unit of electricity produced. C02 emissions can
drop up to 25 %, and an additional 25 % reduction could result from substituting natural
gas as a combustible, instead of coal or oil. Several plants in the US and Japan have
adopted this technology, efficiency is expected to be about 46%.
2) Coal Gasification
Coal gasification is a cleaning process used to remove mainly the flyash and sulfur from
the coal before it is fed into the combustor. The process involves reacting the coal in a
deoxidizing atmosphere with steam at high temperatures to produce a synthesis gas,
composed of Hydrogen and Carbon monoxide; up to 99% of the Sulfur compounds can
be removed in gaseous form, along with Nitrogen compounds (up to 40%), and ash can
thus be removed before combustion. "Resulting by-products are either re-salable...or are
non-toxic dry materials suitable for landfill...[which] appears not to have leaching
problems."6 This technology, because it relies on coal, is more costly and not seen as
resulting in as great an improvement as the basic combined cycle technology, but may be
useful in coal-producing areas. A conversion rate of around 39 % is expected.
3) Integrated Gasification Combined Cycle (IGCC):
IGCC is a combination of the two previous processes: the coal is cleaned through
gasification before combustion and heat from the exhaust gases of the gas turbine is used
to drive a secondary steam turbine: "emissions appear to be comparable to those from
new natural gas-fired power plants."7 This combination of processes increases the
thermal efficiency, leading to both lower fuel consumption and reduced waste products,
including C02 and ash. EPRI studies have shown a "tradeoff of about $120/kW in
capital cost for a heat rate improvement of 1000 BTU/kWh."8
In the referenced article, Holt goes on to highlight the advances of European CGCC
technologies, confirming heat rates of about 8000 BTU/kWh using turbines operating at
2300F inlet temperature:
*SEP, a Dutch consortium, is constructing a 250MW plant at Buggenum, NL,
with a design rate of 8240 BTU/kWh, a corresponding efficiency of 41.4%, and meeting
very stringent environmental standards, including zero water discharge.
*RWE, in Germany, is building a similar plant using a more recent turbine
(Siemens KWU V94-3, accepting an inlet temperature of 2300F), with a target production
rate of 200MW and an efficiency of 44%.
current US technology, conventionally integrated cycle, is shown as the least
energy efficient, using 9000 BTU to produce one kWh of energy; the emissions from this
type of plant are used as the unit standard for the comparison with more advanced GCC
technologies;
* the European version compares at 850 BTU per kWh with 95% emissions; +1-;s
represents a higher efficiency, since less energy is required to produce an identical kWh
of electricity, as well as a 5% drop in the emissions;
* the next major reduction step is obtained by switching to Integrated Gasification
combined with the use of Molten Carbonate fuel cells (fuel cells are discussed further in
this Chapter); efficiency could increase to 6500 BTU/kWh with emissions down to 70%;
* ultimately, advanced Integrated Gasification using more advanced Fuel Cells
(IGFC), could produce electricity at 6000 BTU/kWh with 65% emissions.
The main controlling factor for this evolution is the operating temperature of the turbine,
which is expected to rise up to 2500F by the turn of the century, using aerospace
technology.
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However, this technology, because it relies on coal, is more costly and not seen in the US
as resulting in as great an improvement as GTCC; it may be useful locally in coal-
producing areas. An overall conversion rate of around 39 % is expected with current
technology.
3) Emerging Combustion Technologies
1) Humid Air Turbines (HAT)
Fluor Daniel has patented an alternative process to coal gasification: substantial power
gains are achieved by eliminating the "steam bottoming cycle" and reducing the parasitic
load absorbed by the compressor, which typically absorbs 50% of the gas turbine's
output. The system operates on the Brayton cycle which is also more efficient than that
of conventional heat-recovery steam generators. Overall evaluations by EPRI "suggest
that HAT could compete on a dollars-per-kilowatt basis with a conventional subcritical
pulverized-coal-fired boiler/flue gas desulfurization system."9 By the year 2000 "humid"
turbines burning natural or synthetic gas (extracted from coal) in a steam atmosphere will
achieve efficiency rates above 50% using a single turbine.10
2) Trigeneration TM
National Energetics Company (NECO) combines cogeneration with the recuperation of
C02. NECO also provides energy recovery from the combustion of solid and
contaminated wastes.
The CO2 extraction process occurs on the plant site and typically requires 4 acres of
additional space. The process involves the construction of two towers, housing the
absorber and the stripper processes; these towers are typically thin-walled structures over
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100 feet high. C02 is extracted from the exhaust gases exiting the combustion turbine.
The process was specifically developed for applications to natural gas-burning turbines
and therefore requires relatively clean exhaust gases. Plants burning other fuels, such as
coal which typically emits 18% C02 after combustion, require filtering the exhaust gases
to natural-gas equivalent levels before they are fed into the CO2 absorber.
NECO uses a patented chemical process to circulate a carefully adjusted amine in a
closed circuit in the towers. Waste heat from the combustion serves in the treatment of
the amine solution before it is reinjected into the cycle.
The amount of C02 in the exhaust gases from a natural gas-burning plant is around 2%,
which makes it much too low a quantity to be attractive to large scale producers of C02.
National Energetics Company developed its market on the grounds of Public Utilities
Regulatory Policy Act: extraction of the C02 helps cogenerating plants satisfy Federal
Energy Regulatory Commission regulations which require that 15% of the wasted heat be
converted into a useful process, excluding the production of additional electricity. Where
urban or industrial heating is not useful, as in the case of plants located in remote areas,
Trigeneration helps meet the requirements.
Mr. Randall Boyd, chairman and founder of NECO estimates that Trigeneration, as a
technology, only has another 5 years of competitive advantage unless a Carbon tax is
passed". He argues that plants will become more efficient, thereby satisfying PURPA
requirements "naturally", and that better "heat hosts" than C02 will appear on the market.
Developing countries provide an ideal environment for future use of this technology:
while providing electricity and heat, the C02 could be used as a refrigerant for household
or industrial applications.
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NECO builds either the C02 extraction unit or the entire plant. Their first plant is a 300
MW plant, located in Bellingham, MA. Manufacturing costs for the plant cost $350
Million, including approximately $30 Million for the C02 extracting unit; 60 % of the
total costs were for equipment, leaving only about 40% to cover construction of the
facility. The plant generates 350 tons of C02 per day which are sold to the local
industry; revenues form the sale of the C02 are slightly profitable after operation costs of
the unit. As an add-on, the C02 extractor costs between 5 and 10% of the plant cost.
A study for a plant in the Sacramento, CA, area estimates that a Carbon tax could cost the
plant up to $2.5 Billion per year; NECO estimated the cost of building a trigeneration unit
at $2.5 Billion. In other words, with the value of one year's taxes, the plant would rid
itself of future tax obligations linked to carbon emissions. However, the plant would
produce some 62000 tons of C02 per day. Given that a standard truck can transport
about 20 tons of liquid gas, this poses obvious problems. One possibility considered is
the injection of the C02 gas through deep wells into the local aquifer; local conditions
suggest that this may provide a purifying effect on the lower level of the aquifer by
solidifying salts which make it currently unsuitable.
4.3.3 End-of-pipe Technologies
a) S07 Control: Flue Gas Desulfurization (FGD)
FGD involves removing the unwanted gases and particles directly from the exhaust gases,
inside the flue; this process is similar to that of catalytic converters on automobiles. After
combustion, the exhaust gases are cleaned through different filtration methods before
being released into the atmosphere. In FGD, this filtration system is usually referred to as




Wet lime injected as a reagent inside the flue precipitates sulfurous gases. The
technology offers the advantage of low marginal removal costs, particularly for long-term
applications targeting reductions greater than 90%. There is much experience in the US
and large improvements in the technology have resulted in a 50% price drop in the last
decade. Capacities to treat up to 600MW are efficient if the flue gas can be passed
through a single vessel. S02 removal is better than 95%, with equally high reliability,
and power consumption is less than 1.5% of station output. Although it requires among
the highest capital investments among retrofitting technologies, wet FGD is very flexible
in use: it can b used to fire almost any coal and still meet emissions requirements. Proper
operation hinges on several critical factors however: limestone must be injected directly
in the absorber; the Ph must be accurately controlled through the use of additives to
provide a forced oxidation; because of the large water consumption, it is advantageous to
provide water recycling through closed-loop design and mist elimination. One option for
further improvement is enhancement of the lime with magnesium; another possibility is a
form of vertical integration within the industry chain through the incorporation of a lime-
handling system in the plant. Typical European designs involve discharging the flue gas
through large cooling towers; lack of space at many sites forces the designing of the FGD
system as part of the base of new stacks (Germany and Austria are cited as pioneers in
this matter).
2) Spray Dryers
Spray dryers achieve 90% or better S02 removal from medium-to-high sulfur burning
coal. Currently, technology is available to treat single modules up to 350MW and
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expected soon to achieve 600MW capacity. However, sulfur contents greater than 3%
are uneconomical for use with this process. Although they are easier to build than wet
scrubbers, spray dryers are seen as a less likely alternative for compliance with the Clean
Air Act (CAA) than wet scrubbers. New developments in the technology include
atomizer wheels with nozzles for better gas/liquid interface, research regarding the
deposition on vessel walls, and the conversion of ESP into a pulse-jet fabric filter for
better particulate control.
3) Sorbent Injection
CAA will relegate this technology to only a small niche market during Phase II. It has
lower capital costs than scrubbers but the process incurs high marginal costs.
Furthermore, it has no proven track record in the US, but target ratios are 70-90% S02
removal with reasonable concentrations of reagents. Niche market characteristics will
include "(1) very old, small units near retirement with little space for retrofitting
scrubbers, (2) plants very near a good source of reagent, usually lime, (3) plants with low
capacity factors and (4) plants needing to fine-tune S02 emissions to gain spare
allowances or meet compliance." 12 Critical elements are the filters for collection of
particulate matter (fabric filters).
b). NO. Control
1) Low-NOX Burners (LNB)
Reductions in nitrous oxides involve mostly in-furnace modifications. The most common
technology is that of low-NOx burners (LNB). In LNB's, the air and fuel mixture
entering the burner are controlled to reduce the availability of oxygen, thereby limiting
the formation of nitrogen oxides. Emissions can be reduced by as much as 50% at low
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capital costs; however, the retrofitting operation is not a straightforward one and requires
advanced engineering. Also, burners of the Cyclone type, as well as tight furnaces, are
unsuitable for LNB retrofits; in these cases, fuel reburning or combustor staging appear as
the most likely options.
2) Selective Catalytic Reduction (SCR)
SCR is the other common retrofit solution to reduce NOx emissions: this involves
injecting reagents at high temperatures (1600-2400F) to prevent the formation of NOx.
SCR is very versatile and can be adapted to all boiler designs often without requiring any
furnace modifications, which minimizes the out-time of the plant during retrofit. Up to
90% reduction can be achieved. The technology is widespread in Germany and Japan.
However, it is far more expensive than LNB's and is not expected to develop as a result
of CAA unless an allowance incentive system is allowed or other stricter standards
dictate its use. If nitrogen-containing compounds, such as ammonia (NH3) are used, the
process becomes a selective non-catalytic reduction.
4.4 Alternative Energy Sources
4.4.1 Other non-renewable Technologies:
a) Biomass/Municipal Waste Incineration
Henry Taylor of CCRE published an extensive study of US generation and disposal of
Municipal Solid Waste (MSW). As the world's largest producer of MSW, tougher
regulations on landfill disposal are stimulating interest in alternative means of disposal.
Although there is large public opposition to incineration due to the fear of toxic
emanations, the technology has the potential as a source of electricity production,
especially given the geographical proximity between urban waste sources and
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concentrated demand for electricity. In France, enough energy was produced from the
incineration of Municipal Solid Waste (MSW) to cover more than the operating expenses
of several plants, the most successful one being in Lyon.
Landfills are also major sources of methane which can be used as a biogas. Around 300
"anaerobic digestors" were developed in the U.S. in the 70's; exhaust methane could be
used for the production of local energy in areas where sufficient amounts of organic
wastes are generated. One such scenario is in place at Walt Disney World in Orlando,
Florida.
Alternative sources of biomass include the use of agricultural by-products, such as corn,
which can either be distilled to produce ethanol or left in anaerobic digestors. Paper-pulp
production is another process which consumes large amounts of wood and has the
potential for generating energy from the use of its by-products: according to the
American Paper Institute, in 1990, the industry generated about half of its energy needs
through cogeneration processes using left-over wood chips and bark. In the
transportation sector, Brazil already uses up to 40% ethanol, obtained from sugarcane
which is largely available in that country, in its automotive fuel mixture. Yet a more
novel approach has been that developed in Great Britain at the end of 1992. Mr. Simon
began selling reprocessed chicken excrement from chicken farms as a combustible for
energy production. The plant developed thus produces electricity for 12 500 homes in its
vicinity while at the same time alleviating the major burden of disposing of the product in
question. Overall, it is estimated that each chicken from the chicken farms produces 1 W
of power in its lifetime, before it is sent to the "supermarket." 13 However, any biomass
generation also produces atmospheric emissions since they are combustion processes.
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Fuel cells operate on electrochemical principles; instead of combustion, oxidation takes
place between electrodes through the presence of an electrolyte. Unlike a battery
however, the electrodes do not consume themselves in producing electrical current; "in a
fuel cell, gaseous fuel (such as hydrogen, natural gas, coal gas, methanol, or naphta) and
oxygen (either from the air or purified) flow through porous electrodes, which are only
slightly affected by the reactions." 14 Since current is proportional to the size of the
electrodes, which can only produce 1.23 Volts each due to electrochemical properties of
the reagents, large plates are required. Therefore, as long as some fuel is supplied, the
cell produces electricity, the wear of the electrodes being negligible.
One possible application is for use on landfill sites, were the methane released could be
used as the electrolyte. Gasified coal can be used as a source of hydrogen for the fuel of
the cell. In this case, the coal is first run through a gasifier similar to the one described in
the combined cycles.
"1991 may well be regarded as a defining year in the development of fuel cell
technology." 15 Because Fuel Cells operate on electrochemical processes, they are silent
and have virtually no emissions, mostly only water and low quantities of carbon dioxide
which can easily be captured; this makes them particularly well suited for urban
environments. Southern California Gas Co. is expected to put the "world's first
commercial-scale" fuel cells into operation, at a cost of $2500 per kW, 10 to 15% less
than that supplied by the local utility. 16
Because of the high operating temperatures, most fuel cell plants operate in a
cogeneration arrangement, using the released heat to produce steam which, in turn, runs a
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b) Fuel Cells:
turbine. There are three main types of fuel cells, depending on the electrolyte used, and
the operating temperatures vary accordingly.
1) Phosphoric Acid Fuel Cells (PAFC)
PAFCs use phosphoric acid as the electrolyte and operate at around 850F. Several
European and Japanese firms have substantial experience in manufacturing PAFC plants.
Tokyo Electric Power Co. first operated a utility-scale plant in 1983, producing 4.5MW
with an efficiency of 35-45%; the cell operated until 1985. TEPCO now operates the
world's largest fuel cell, an 11MW prototype at its Goi powerplant site, in Ichihara City;
the plant supplies the electricity needs of some 4000 households; waste heat is used to
provide heating to 1300 homes or, alternatively, air conditioning to 300 households.
Toshiba Corp. built the plant with fuel cells provided by International Fuel Cells Co. of
South Windsor, Connecticut. EPRI has an agreement with TEPCO to receive
performance and operational data. Prototypes of similar type are being developed for
commercial applications.
AEM, the municipal utility company of Milan, Italy, was scheduled to begin operating a
1MW pilot plant earlier this year, also using cells from International Fuel Cells.17
One inconvenient of Phosphoric Acid Fuel Cells, inherent to their low operating
temperature, is the requirement of an external fuel processor which itself requires internal
combustion; this lowers the efficiency of the process, increases emissions, it also
increases its costs, and the footprint size of the facility. Another problem is the potential
damage which would result in the event of spillage of the acid.
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2) Molten Carbonate (MCFC)
MCFC cells operate around 1200F and are therefore more efficient and also less
cumbersome, due to the absence of the external fuel processor. MCFCs are just emerging
from the development phase; targets are a 54-60% efficiency (5700-6300 BTU/kWh)
with a footprint under 4500 square feet. One joint project between EPRI and European
utility could achieve a heat rate of 5600BTU/kWh.
One additional advantage is the capability of the cells to operate from 25% to 125% of
nominal capacity.
EPRI studies identified a short-term market for 2MW MCFC plants of at least "12000 to
14000MW at a new installation rate of 900 MW per year." EPRI studies project small
generators in the 10MW class, particularly well-suited to urban environments, to achieve
an installed cost of $800-1200/kW (1989 Dollars) in the near future, with a longer
outlook towards highly efficient units costing $1200-1500/kW. Production costs are
expected to drop to $1000 per kW.
A 2MW Molten Carbonate demonstration unit is under development for the City of Santa
Clara, CA, by Energy Research Corp. of Danbury, CT, with beginning of operation
scheduled between 1993 and 1995. ERC has also teamed up with the Fuel Cell
Commercialization Group, from Washington DC, with the goal of bringing such units to
market by 1997. ERC was furthermore expected to finish construction of a
manufacturing facility to produce fuel cells totaling a capacity of 2MW per year by
January 1992. This would be expanded to produce about 400MW of MCFC per year if
utility commitments were received within a three year period for 100MW of early
production units. As with PAFCs, there is still the threat of serious damage in the event
110
of spillage of the electrolyte.
3) Solid Oxide Fuel Cells (SOFC)
Although SOFC units run above 1800F, they are less efficient than the previous type.
However, they present the advantage of not containing corrosive liquids as molten
carbonate or phosphoric acid. These units are even more compact than the MCFC ones,
more lightweight, and more flexible in utilization. Concentrated C02 can also be isolated
and captured to meet stringent emission requirements.
Solid oxide is the less developed of the three technologies cited; construction of a 100
kW pilot plant was expected to begin this year.
4) Market Outlook
Molten carbonate fuel cells using coal gasification as an electrolyte are the most attractive
candidates for autonomous energy sources in urban areas. MCFC integrates more easily
than the other two with the gasifier and uncertainties about the long term availability of




Solar and wind energy systems received a big boost in the late 70's and early 80's under
Public Utilities Regulatory Policies Act (PURPA) contracts. State and federal subsidies
enforced buyback rates by utility companies from Independent Power Producers (IPP)
based on the avoided costs in reply to soaring fuel and gas prices. Figure 1 illustrates
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Figure 4.1: Federal Wind Energy Program Funding (Source La White18)
The expiration of these tax credits, in 1987, stopped short of the critical mass necessary to
launch these new technologies in widespread production. However, the Gulf War and
growing environmental concern have bolstered renewed interest in both solar and wind
generation. The fiscal 1992 budget requested an 18% increase in funding for R&D of
conservation and renewable energy sources; DOE also raised the limit for qualifying
small-power facilities, allowing qualifying firms to take advantage of economies of scale
in developing their production. In 1991, the National Energy Strategy reportedly sought
to amend PURPA to adopt a competitive bidding process rather than using the standard
of the purchaser's avoided cost. In the last decade, IPPs have produced close to 2000
MW of solar and wind power.
b) Solar Energy:
"The Earth receives as much energy from the Sun in 20 days as is believed to be stored in
Earth's entire reserves of coal, oil , and natural gas." 19
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Solar energy reaches the Earth in the form of radiation, some of which is the visible light
spectrum, the rest being ultraviolet or infrared rays. Upon entering the atmosphere, much
of the sunlight is diffused through various atmospheric phenomena, including clouds.
The remaining direct sunlight, about 50% (Fig.1 Chap.1), can be harnessed in various
forms to produce usable energy.
Solar systems can be broken down into three main categories, solar buildings, solar
thermal systems, and photovoltaic cells.
1) Solar Buildings
Although solar buildings do not directly involve the production of electricity, the
technology is commonly used as a supplement, reducing the electric load on a house by
providing hot water and heating.
A solar building involves the design of the building to maximize its ability to store solar
radiation in the form of a heated mass, using the principle of thermal inertia. This is
usually achieved through the incorporation of massive slabs in areas where the Sun shines
most often within the building. The mass, which may be a concrete or stone slab or a
brick wall, absorbs heat from the sunrays during the day and radiates the heat at night.
Efficiency is maximized by positioning the "storage" mass behind thermal windows
which allow the penetration of rays directly from the Sun but reflect the infrared radiation
emanating from the floor or wall, so that the heat is in effect "trapped" inside the
building. Cooling of the house during the hot season can be achieved through water
circulation or by using the Earth as a heat sink. Solar building technology is relatively
common in private homes in certain areas of the country but is much less common in
professional or occupational buildings; one cited residential example is the Impact 2000
energy-efficient home, in Brookline, MA.
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The most common use of solar energy in building design involves the use of solar water-
heaters. These units are generally large boxes, generally black metal to absorb maximum
heat, covered by a layer of glass; behind the glass, an array of pipes carries water much
like a car radiator, the ensemble is insulated so that a maximum of the incoming heat is
transferred to the water pipes. The black background absorbs most of the sunlight and
the glass traps the infrared radiation; the water flowing into the heat exchanger is heated
and can then be stored in an ordinary water heater, reducing the electrical load on the
water heater, or circulated inside the house to provide heating during cold but sunny days.
On average, 50% of the incident solar energy is transferred to the water, but instantaneous
efficiency can reach 85%, a hint for improvement.
2) Solar Thermal Systell:m (STS)
Solar thermal systems involve using solar energy to heat up a fluid which in turn can be
used to directly run a turbine or to vaporize another fluid which would then activate the
turbine. In turn, the turbine produces electricity. STS's are mostly differentiated
according to the layout of the mirrors which they use to focus the solar radiation. Three
basic designs can thus be established, the parabolic trough, parabolic dishes, and central
receiver systems.
i._ Parabolic Troughs
Parabolic troughs consist of a curved mirrors, as a half of a circular pipe which would
have been cut lengthwise, which focuses the sunrays on a long metal or glass vacuum
tube positioned at the focal point. A transfer fluid is circulated through the tube, heated
up to 300 or 4002C, and pumped to a central plant where it is used to generate steam from
water in a heat exchanger; the steam then drives a turbine to generate electricity.
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LUZ International, Ltd., was the world's largest user of parabolic trough systems in the
production of electricity. Between 1984 and 1990, LUZ built nine Solar Electric
Generating Systems (SEGS) in the Mojave Desert in California; SEGS 1 is a 14 MW
plant, SEGS 2 through SEGS 7 have a 30 MW generating capacity, and the two latest are
80 MW plants. Each SEGS consists of a large array of parabolic troughs all connected to
the central plant. Together, the total 354 MW generated represent 95% of the World's
solar thermal electricity. In the course of this development, the installed cost dropped by
50% with an increase in efficiency of 20% (Cool Energy).
Other solar thermal applications include state prisons in Denver, CO, and Tehachapi, CA.
Both installations were built by Industrial Solar Technology.
The success of LUZ was enhanced by the 1978 PURPA regulations. Unfortunately,
changes in the tax codes and uncertainty over future regulations caused the bankruptcy of
the firm in 1991. Michael Lotker of Sandia National Laboratories published a study on
the LUZ experience 20. In "Cool Energy," M. Brower summarizes part of the report's
conclusions about tax discrepancies: "Property taxes, sales taxes, and payroll taxes all
affect solar powerplants to a disproportionate degree because of the large land area which
they occupy, the high cost of purchased equipment, and the need to employ to clean and
service the collector field. An 80 MW SEGS plant, for instance, would pay about $26
Million in sales and property taxes in California over its 30-year lifetime, whereas an 80
MW gas-fired plant would pay just $ 7 Million." Although by far the world's largest
manufacturer, LUZ was not the only user of this technology: Bechtel participated with
DOE in the construction of a 400 kW array.
Despite the success of LUZ with parabolic trough systems and the unquestionable causal







Figure 4.2: Schematic Representation of a Parabolic Dish and a Trough
A parallel development has been the dish-Stirling system, which harnesses a Stirling-
cycle automotive engine directly to the solar receiver. This system has achieved the
highest efficiency in solar thermal technology, reaching a 29% solar-electric conversion.
One major drawback is the limited lifetime of current Stirling engines. However,
applying this technology to larger modules of 25-30kW capacity could ultimately bring
costs down to $1000-1500/kW (Cool Energy).
Both parabolic troughs and bowls are limited to about 500m2 collector apertures due to
the engineering difficulties in design such a large tracking system. Consequently,
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collectors must be distributed over large land areas which explains the importance of
property taxes. Also, the need to connect hot fluid from multiple points results in many
losses.
iii._ Central Receivers
One method of distribution is the central power tower system: a large array of fixed
mirrors (called heliostats) pivoting about two axes, is focused on a single receiver at the
top of a tower. A heat exchange fluid is pumped up the tower where it is heated by the
reflective array, then returned to a heat engine at the base of the tower. Receiver towers
could be up to 350m in height for powerplants in excess of 100MW21.
Solar-thermal energy stimulated great interest in the late 1970's throughout the world and
many experimental plants were built in Europe, Israel, the Soviet Union, and Japan. In
the United States, the Department of Energy supported the development of Solar One, a
10MW solar thermal plant in a central receiver configuration, which became operational
in 1982 in Barstow, CA. The plant has 1818 plane mirrors, each 7mx7m, and the central
tower is 101m high. The plant operated successfully for six years but high operating
costs led to the cancellation of the US program. Solar One costs ran $10000/kW for a
10MW electric capacity. Original DOE plans had included the subsequent construction
of a 200MW plant, but this was abandoned with the conclusion that solar thermal electric
power was "prohibitively expensive compared with electricity generation using nuclear
fission or coal, notwithstanding the environmental costs..." (Ingersoll).
However, Ingersoll's conclusion precedes his study of the LUZ distributed collector
systems and the author points out the hope brought by its lower costs (he quotes
$2900/kW in capital costs with $0.08/kWh total costs amortized over 30 year lifetime).
The author also suggests using the high temperatures achieved by solar thermal systems
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for the destruction of hazardous materials and toxic waste and desalination.
3) Photovoltaic Cells
Photovoltaic cells are now commonplace in small to medium-size electronic units, from
wristwatches to automotive battery chargers and satellites. The basic principle involves
the use of solar energy, in the form of photons impacting on a semiconductor wafer; the
concentrated energy absorbed by a dark background and various lens increases the energy
level of atoms located on a superficial layer of semiconducting material ("n" layer);
another material of dissimilar electronic properties ("p" layer) is laminated underneath.
The atoms having lost an electron (in an excited state) are then attracted to the layer with
different electronic property; the resulting flow between both layers creates a difference
of potential between them. Although there are at least three types of specific electronic
reactions, depending on the specifics of the material used, the principle and the
characteristics of the cells are similar. A basic schema of a photovoltaic cell is presented
below in Figure 4.3.
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This complex scenario divides the industrial and scientific communities in three camps
regarding the imminence of policies to limit C02 emissions.
3.3.1 Act Now
Numerous scientists argue that a sustainable future depends on immediate action to
reduce atmospheric emissions. Stephen H.Schneider at the National Center for
Atmospheric Research in the U.S. says that even though there are many uncertainties in
current predictions and that it is very difficult to identify what action should be taken
right now, we should still initiate "reasonable" strategies because of the current almost-
unanimous consensus on the potential worst-case scenario. He continues that it will be
too late if our society acts only after confirming the actual consequences of our current
activities; an irreversible trend toward dramtic damage will already be under way. 12
Simmilarly, W.S. Broecker, at Lamont-Doherty Geological Obserbatory of Columbia
University, emphasized the potential consequences of global warming on agriculture and
wildlife to recommend immediate action. 13 William Fulkerson, at Oak Ridge National
Laboratory, agrees that, despite the uncertainties on global warming and future trends in
energy consumption, we must stimulate R&D immediately to develop viable
alternatives.14
At a conference on the science and economics of global climate change held in U.S.,
many European delegates agreed that the top priority is prompt action rather than waiting
for scientific clarification of current uncertainties. American officials, however, called
for greater scientific research to resolve the many uncertainties on global warming. At
that time, President Bush called for a "global change data and communication
network." 15
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Figure 4.3 : Basic Principle of a Photovoltaic Cell
(From Cool Energy, 1992)
Individual cells produce a voltage between 0.6 and 1.2 Volts, characteristic of the cell
material, with low power, in the 5W range; thus, numerous cells must be connected in
parallel or series to generate any significant amount of energy.
Conversion efficiency is a function of the amount of sunlight effectively absorbed by the
cell, which is itself a function of the wavelength of the incident radiation, and of the cell
material, which has finite electronic properties.
Multijunction cells involve stacking cells sensitive to different wavelengths one atop
another so as to capture the maximum sunlight energy. Such a scheme is illustrated








Cell 3 (Eg3) '
Figure 4.4: Illustration of Layering in a Multijunction PV Cell
(Gary Cook, Energy Sourcebook, 1991)
Another source of improvement has been the use of different semiconducting materials;
in particular, the use of single crystal silicon cells has enabled an increase from 15% to
23% conversion efficiency. Figure 4.5 below shows the evolution of conversion
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Figure 4.5: Evolution of PV Cell efficiency
(FromCool Energy, 1992)
There is however an important tradeoff between the manufacturing costs and the
efficiency of the cell. Other techniques include the manufacturing of cells with different
shapes to maximize the use of space on the array, such as by using microgrooves on the
surface of the cell, or the use of focal lenses to concentrate the sunlight on the cell area.
Typical photovoltaic modules today have a lifetime of 20 years and a cost of $4-4.50/W,
which may translate to electricity prices as low as $0.30/kWh. Economies of scale in
some of the larger manufacturers may translate into costs as low as $0.15-0.12/kWh. 22
Still, the current produced is a Direct Current which requires additional converters to
transform it into AC current used in nearly all household and industrial applications.
The highest reported efficiency achieved as of 1990 seems to have been the multijunction
Gallium-arsenide cell developed by Boeing for aerospace applications, which achieved a
34.2% conversion efficiency under concentrated light (Cool Energy).
Despite the high efficiency achieved by the Boeing cell, arrays suitable for
commercialization yield much lower values. At present, EPRI and Stanford University
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have developed a Silicon module which can be commercially produced at reasonable
costs. Two startup companies, Amonix and SunPower, have been awarded contracts to
produce arrays using this technology. Although both firms report that they are currently
capable of producing cells with a consistent 21% efficiency, both expect to approach the
theoretical limit of 28% within the near future. Stability and consistency have been major
issues in photovoltaic developments since the mid-80's.
"Amonix has produced more than 1000 stable concentrator cells ... with typical cell
efficiencies of 24%. The goal is 26%-efficient, stable cells in high-volume, low-cost
production." Using the patented High Concentration PV integrated array, installed
system costs should be on the order of $2/W; a lkW array of this type is under
development at the Shenandoah plant of Georgia Power and should be completed by mid-
1993. Meanwhile, SunPower is working on developing 10-250kW arrays in a central
receiver configuration at costs estimated similar to those of Amonix.23
As is the case for most solar power sources, photovoltaics will likely find their first niche
markets in rural applications, where the costs of distribution and maintenance offset the
high costs of the technology, or in local peak-load applications, reducing the need to
upgrade an entire distribution grid. Pacific Gas and Electric is developing a 500kW PV
facility near Fresno, CA, to test this application; there, upgrading the Transmission and
Distribution (T&D) network costs would be on the order of $6000/kW, substantially
more than the typical 4.5$/W and nearly three times as much as the planned 2$/W of the
EPRI ventures.
* A Word on Cost Issues
In his study of Photovoltaics, Gary Cook uses the result of a 1984 study by DOE as the
basis for evaluating the consequences of a pessimistic scenario in the use of photovoltaic
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cells. Substituting one quad (about 96.6 109kWh) of PV energy instead of coal could
save about 25 million tons of carbon emissions over one year, corresponding to 1.9% of
1986 US carbon emissions. Since such alternative production of electricity would likely
not replace only coal but also certain less polluting sources, i.e. natural gas, Cook
calculates that, under an energy production portfolio similar to the present one, the result
could be revised to 16 million tons of carbon saved, still 1.2% of the US annual
production.
c Wind Power:
Wind power is an ancient technology, both for locomotion and for power production. As
early as the year 1931, Russia had built a wind generator producing 100 kW of electrical
power. In 1941, a 1500 kW wind generator was built in the U.S.; however, the costs of
producing electricity turned out to be twice as expensive as that of electricity available
from the rural power network and its use became limited to a marginal market. In 1972,
the Federal Wind Energy Program was launched to perform an in-depth study of the
technological viability of wind as a main source of power;, throughout the course of the
program, the Department of Aeronautics and Astronautics at MIT published 10 technical
volumes addressing the technical difficulties. Between 1974 and 1986 NASA and the
DOE developed a technology using aeronautical engines; all attempts were plagued with
multiple failures and the technology today is limited to a few local markets. This was
further enhanced by a drop in the Federal Wind Energy Program in the late 80's (Fig1
pg.101); however, the trend is now expected to pick up with the National Energy
Strategic Act due to begin in 1994 and the new administration.
However, the next graph illustrates the growth in wind turbines and the associated
electricity generation; the phase shift apparent when compared to the previous graph is
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likely due to the maturing of the technology and the replacement of unreliable wind
turbines with more advanced designs.
Growth of Wind Generation
l Cumulative Capacity (MW)
M Cum. Number of Turbines
(Scale- 1/10)
82 83 84 85 86 87 88
Figure 4.6: Growth of Wind Generation (La White, 1993)
A decrease in the cost of electricity from wind generation is expected to match the
increase in technology reliability; the next graph illustrates the forecast drop in the cost of
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Figure 4.7 :Dropping Costs of Wind Electricity with Improved Technology
(La White, 1993)
Wind generators can be seen throughout the Western part of the nation, but also right here
in Massachusetts, on the southern flank of Wachusett Mountain. A wind-energy interest
group, comprising DOE, EPRI, and nine utility companies, has recently announced plans
to build installations to produce up to 500MW in the Midwest, using turbines developed
by US Windpower Inc. of Livermore, California. Pacific Gas and Electric currently has a
renewable energy base of 800MW of wind power and 15MW of solar generated energy
and plans to add an additional 2500MW to this capacity by the end of the 90's.
California has the highest wind-generation capacity in the nation, with one main farm in
the Southeastern part of the State. In total, California has 16 000 operating turbines
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generating 2 Billion kW per year, at an average cost around 0.07$/kWh. These wind
farms are located either on the upslope of mountain passes or in narrowing valleys using
the natural landscape to accelerate the flow of air, following the Bernoulli principle. Of
the turbines, about half are Danish and the other half are built by the Mitsubishi Group.
The latter have successfully captured their share of the market by offering 10-year
guarantees covering the loss of revenue in the event of an engine failure.
There are two kinds of wind generators commercially available: one developing
technology is that of "standing blades," where bowed blades are mounted and rotate
around a vertical axis. The most common type however, is the standard "windmill" type;
this is the technology which we will focus on here. The main mechanical assembly and
schematics of the two types of windmills are illustrated in the following figure.
Wind generators are simple in principle: a large propeller with two or three blades is
mounted on a shaft which drives an electric generator. Each blade may be up to 30 feet
long so the entire assembly is mounted atop a tower which is on the order of 100 feet in
height. This requires deep foundations, usually a concrete footing 30 feet deep. Various
mechanical systems must relieve dynamic and static stresses imposed on the tower by the
aerodynamic drag and the rotation of the propeller. The turbine platform must also be
able to rotate to face the wind stream. In a widespread grid, downstream turbulence must
also be accounted for. This involves advanced controlled systems with multiple feedback
loops. Also, a sophisticated system must regulate the electrical output to maximize
efficiency and ensure the compatibility of al elements in the wind farm. The basic
electrical system is presented below.
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Windmill type
Basic .Elements of a Wind Generator
and Two Possible Configurations
Figure 4.8 (Cool Energy, 1992)
The key elements of this technology are the blades, which must be rigid yet resilient to
accommodate rapid changes in wind strength and direction, and the electrical inverters
and inductors in the regulating system. These latter two are essential in providing
feedback in the control loop, permitting a dynamic control of the reactive power feedback
into the inductor in order to avoid spikes in the power output due to wind gusts; they are
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Figure 4.9: Electrical and Control System of a Wind Generator (La White, 1993)
To minimize irregularities in the power output of wind turbines, some farms have been
connected in parallel with a pumped hydro storage system; when the load is low and the
wind is blowing, surplus power is diverted to pumps which fill water tanks; these empty
through turbines to provide energy in calm periods or for peak loads.
Wind energy faces several obstacles for large-scale development. One main issue is that
of siting: wind farms are not a pretty site and are relatively noisy; because they are
located in areas of high winds, the latter effect is somewhat minimized. However, the
large areas which they span poses a problem as far as conservation of land is concerned;
one alternative used in Denmark is the construction of offshore wind farms; the
construction costs are estimated to be approximately twice those of a land-based project.
Another related issue is that of "bird kills:" the rotating propellers are not easily seen by
birds and the outer limits of wind farms are marked by large numbers of bird deaths;
protective policies, such as that for the spotted owl, could annihilate all development.
From the technical point of view, wind farms pose several challenges. First, the
irregularity and unpredictability of winds prevents the use of wind power as an
independent and autonomous energy source; this limits their application to
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complementary markets to supplement the power generated by conventional powerplants.
Second, the subsequent fluctuations in power output pose challenges for the
synchronization of outputs from multiple turbines on a given wind farm and for the
integration of that power into the local utility grid. With respect to the latter in particular,
the difference in response times of control systems for conventional powerplants is on the
order of ten minutes; this is obviously much longer than wind fluctuations which may
change the power supplied within a few seconds. The following pie chart indicates the















Figure 4.10 : Losses in Wind Generators (La White/R. Lynette, 1993)
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1) Fission:
At the present, all nuclear powerplants operate by the fission of "heavy" nuclei which
release energy in the process. The heat released is captured by a thermal transfer fluid;
just as in the case of solar plants and many others the fluid serves to run a steam turbine
either directly (boiling water reactors) or through a heat exchanger in which water is
vaporized (pressurized water reactors). In the U.S., long-term plans for developing
nuclear powerplants included designs supplying up to 1275MWe. However, a decrease
in the forecast growth-rate of electricity demand, higher costs than predicted, and
mounting public opposition led to an industry slump. U.S. reactors are of the "slow
type"; this refers to the characteristic energy level of the neutrons and is generally
associated with the use of "light water" as a coolant. In contrast, European reactors tend
to be of the "fast" type, associated with liquid metal coolants, such as sodium which
opposes less resistance to the displacement of the neutrons. This technology is more
efficient because of the higher temperatures generated in the reactor, but the higher
velocity of the neutrons causes many to go right through the core material. Hence, there
is a need to put an additional shield around the reactor to capture unrestrained neutrons.
A blanket of 2 38Uranium is used for this purpose; in the process of gaining neutrons, the
uranium forms 2 39plutonium, which is in turn a fissionable fuel. Thus, fast breeder
reactors produce more fuel than they burn and that fuel must be reprocessed. This
involves transporting the fuel to a reprocessing plant with all the inherent dangers of
transporting a highly radioactive material: the shipment of Japanese wastes for
reprocessing in a plant in France, in March 1993, required the highest international
surveillance for fear of either an accidental spill ro a "James Bond" style takeover by
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political forces.
Unusually large variations are reported in both the costs and lifetime capacity factor of
nuclear plants. Costs rose from about $500/kW for plants built in the early 70's to
anywhere between $1000/kW and $5000/kW for those completed in the mid to late 80's.
Over the lifetime of the plant, corresponding capital costs and financing run from
$0.01/kWh to over $0.1/kWh. Lifetime capacity factors, which reflect the performance
of a plant, vary by a factor of 2.24 Public opposition is likely to be a major factor in
influencing the price structure of the nuclear industry, especially when it comes to
decommissioning plants and disposing of the waste. Wastes are typically enclosed in
sealed containers of various forms and disposed of in geologically "acceptable" sites; in
the U.S., such sites are typically on or near native American Indian reservations, touching
off other sensitive issues.
Operating licenses for many of the US's older nuclear plants will expire before the end of
this decade. Under the 1954 Atomic Energy Act, these licenses were issued for a limited
term of 40 years, which was set arbitrarily between that of 30 years, common for many
fossil-fuel plants, and that of 50 years for hydroplants. In reality, many plants still have
an extensive useful lifetime ahead and it would be senseless to decommission functional
equipment. In comparison, Europe has a continuous monitoring process which maintains
a nuclear plant's license to operate as long as it satisfies safety and economical
performance. Nonetheless, there is currently much talk in France about the imminent
decommissioning of the older plants although this author was unable to verify the
accuracy of the claims. Nonetheless, whenever this occurs there will be a tremendous
problem regarding the disposal of the nuclear fuels.
132
Currently, the US obtains 100 000 MW, or roughly 15% of its electricity, from nuclear
generation. Nuclear power emits no atmospheric pollutants which makes it a very
attractive option in the current atmosphere of environmental concern. France and Japan
are rather successful examples of safe and efficient nuclear power generation.
Replacement of existing plants in the US is estimated to cost between $200 Billion and
$300 Billion. Although several new technologies would provide nuclear power at costs
competitive with new fossil-fuel technology, such high costs clearly highlight the values
of extending the use of existing plants to their useful life. Consequently, the NRC is
expected to provide a 20 year license renewal. Experts argue that the only change
brought on by the relicensing process is an extended time horizon for maintenance; no
technological changes are necessary since these plants are still perfectly and safely
operable and current regulations already govern these issues closely. In fact, Yankee
plant, in Rowe, MA, is the nation's longest operating plant (operation began in 1960) and
one of the best performing units in the country: in this case, capital costs of running for a
20-year renewal term are estimated at $150/kW or about one-tenth the cost of an
equivalent new coal-fired baseload capacity.25
2) Fusion:
Fusion technology would offer many advantages over most any other technology. First,
it does not produce any combustion and therefore no atmospheric emissions. Second,
although it does operate on a radioactive principle, the waste products have a half life of
about 12 years, reportedly much shorter than those produced by fission. Finally, fuel is
almost unlimited, such as deuterium from water or tritium from lithium. Safety can be
guaranteed through the use of materials with physical properties resisting the aggression
of the reactions, unlike fission reactors which require active systems necessitating
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monitoring and human or mechanical intervention to stop an occurrence 26.
However, materials are the main limitation preventing the development of fusion
technology. Fusion occurs at such high temperatures that no material exists capable of
containing the reaction. Two potential technologies involve the suspension of the plasma
without any physical contact to any matter through the use of extreme magnetic fields or
by inertial confinement; a third, more recent technology which may hold some promise is
that of muon catalysis.
Yet another possibility would be that of cold fusion, which would occur at room
temperature. However, there is strong doubt that this may be physically possible. Since
the 1989 commotion over the irreplicable events of Fleischmann and Pons at the
University of Utah, no other laboratory has succeeded in generating energy through that
process.
Consequently, in the short to medium term, fusion technology doesn't appear to be a
viable option and, given the difficulties faced by fission reactors, nuclear power seems
doomed for hibernation.
4.4.3 The Earth as an Energy Source:
a) Compressed Air Energy Storage (CAES):
CAES plants use off-peak electricity to pump air into underground caverns; in periods of
high demand, the air is expanded through the turbine to generate electricity. Alabama
Electric cooperative Inc. built one unit in Macintosh, AL, for $65 Million to produce
110MW of power using compressed air storage. EPRI has brought together over 80
domestic utility companies to consider building such a project. 27
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b) Geothermal
As the name implies, geothermal energy refers to the use of Earth's internal heat to
produce energy. This may occur through one of three methods: natural sources of hot
water or steam can be used, or water may be injected into the ground to be heated.
However, as we will see further, geothermal energy is not a renewable energy in the
sense that the amount of energy available is not necessarily unlimited.
The use of hot springs for bathing dates far back in time. Large scale geothermal heating
projects originated in Reykjavik, Iceland, in 1930.28 In the U.S., the first domestic
heating system using geothermal energy was installed in Klamath Falls, Oregon, in 1931
and operated for 25 years.29
In Larderello, Italy, steam from local geotherms was used to produce electricity in 1904.
The Geysers, in California, became operational in 1960 and now produces one third of
the world's electricity from geothermal origin.
The energy which can be obtained from geothermal sources is of course a function of the
temperature of the water; the temperature in turn depends on the depth underneath the
surface of the Earth. The thermal gradient is between 25 and 30 C/km below the surface
(Brower, Howes). Geothermal resources, where water or vapor can be extracted directly
to run a turbine, are finite; the low thermal conductivity of rock requires a long time to
heat a new reserve of hot water once the temperature drops below a certain point. Based
on research at The Geysers, in California, a 1000F drop in the reservoir temperature, due
to electricity production, could result in a 99.5% depletion of the energy since the natural
heat flux could only supply about 0.5% of the energy extracted by the production
process. 30 Howes cites the example of the Ahuachapan field, in El Salvador, which
suddenly gave signs of unexpected depletion, despite the reinjection of geothermal fluids.
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Consequently, one main area of research has been the evaluation of the capacities of
potential wells. However, estimates by the National Academy of Sciences and others
estimate that the potential resource of geothermal energy is likely between 1.2 million
and 10 million ExaJoules; this contrasts with the Energy Information Agency's estimate
of U.S. coal reserves to be on the order of 85000EJ (Brower).
The Geysers is a dry-steam field; this means that steam from the Earth is directly run
through a gas turbine-generator which produces electricity; the vapor is subsequently
condensed and reinjected into the ground. A schematic for the Dry-Steam cycle is shown
in Figure 9 A. Another example of a dry-steam field is that in Larderello, Italy. Dry
steam sources are rare however.
Pressurized liquid, or mixed liquid-vapor wells are much more common than dry steam
fields but the liquid must be "flashed" or vaporized to run the turbine. Flashing is
performed by allowing the high-pressure, high-temperature gas to expand in a flashing
chamber; depending on the temperature and pressure of the liquid, there may be two or
more subsequent flashing operations, each producing steam to run the turbine. Such a
Dual Flash Cycle is presented in Figure 9 B; dual flashing increases power output by 20
to 30%31. The obvious drawback to this technology is the need for mechanical
equipment capable of withstanding very high temperatures and pressures; however, this is
partially offset by the "purification" of the steam which occurs in the flashing process.
Research is also going on in attempting to develop "total flow" systems, which could
exploit vapor and liquid phases of the brine in specially-designed turbines; theoretically,
this would conserve the energy otherwise dissipated in the flashing process.
A third alternative design is to use an organic liquid to operate the turbine. Although
there is a possible advantage in reduced corrosion of the production system, the main
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reason for this technology is an improved efficiency and the versatility to use any
geothermal fluid or vapor. However, the working fluids may be highly flammable
because of the necessary properties, particularly the flash point. This Organic Cycle is
presented in Figure 9 C; a 45MW demonstration plant is under construction in Heber,
California.
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Figure 4.11 : Three Geothermal Electricity Production Systems




Geothermal fluids, referred to as brine, contain numerous minerals, solids, and gases
which are extremely corrosive to the drilling and production equipment. In the
production process, temperature and pressure changes affect the phase and state of all
such elements, such that these may precipitate into solids or cause stresses at the fluid-
mechanical interfaces, resulting in heavy wear of all the exploitation equipment. This
occurs in three major forms: silting in the flashing vessels or pipes, refers to the
deposition of solid particles in suspension in the brine; scaling occurs as a result of the
precipitation of dissolved solids from the brine in the cooling/expansion processes;
finally, there is the corrosive action of all materials that come into contact with the brine.
Furthermore, brines are chemically very complex and still poorly understood (Howes).
One potential environmental hazard of using water from deep inside the Earth is the
variety of chemicals which it contains; the water may be highly saline or even laden with
toxic elements such as arsenic or heavy metals. Howes cites the 180 MW Wairakei plant
in New Zealand which dumps 6500 tons of hot water per hour into the Waikato river; this
results in 156 tons of arsenic and 0.006 tons of mercury per year.
Hydrogen sulfide fumes, which one can smell in the vicinity of any volcanic area, are
fatal to humans at a level beyond 600ppm for over 1/2 of an hour. Few estimates are
available for the emissions from reservoirs, but The Geysers are estimated to release 50
tons per day of H2S. One solution to the atmospheric contamination problem is the
reinjection of gases with the brine into the Earth; however, this is limited to those gases
which do not condense in the power cycle.
While Howes concludes that the future of geotherms lies primarily in heating, being very
limited as a source of electrical energy under the current price structure, Forsha and
Nichols take on a much more positive stance. According to their study, in the U.S., plant
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capacity has grown at over 15% annually since 1978. Current generation totals 5000
MW, and costs are on the order of $1500-2000/kW installed, with current average power
costs of 5.7c./kWh expected to decrease significantly in the next 40 years. Although
geyser sources (vapor brine) have reached their maximum exploitation capacity, hot
water sources are abundant and have only recently been tapped (early 80's), so that one
may count on being in the steep part of the learning curve; one positive prospect is that of
unmanned plants which would require very little common maintenance.
c) Hot Dry Rock
Hot Dry Rock geothermal plants operate on such a principle. In many areas devoid of hot
water or vapor, there lie regions of hot dry rock within a reachable 6 to 10 kilometers
under the surface of the Earth. The technology involves drilling two wells into the
rockbed; water is injected under pressure into one of the wells and is recuperated at the
other well after having been heated by the Earth's inner temperature. Beyond the
mechanical difficulties of drilling through rock that is very hot and dry, two obvious
parameters for the performance of this technique are the time which the water takes to
flow through the fractured rock layer, which determines the temperature to which it can
be heated, and the retreivability of the water once it is hot. At a test site near Los
Alamos, New Mexico, an artificial reservoir was created at a depth of 3 km and resulted
in water losses less than 1% for a temperature increase of 200C. However, a similar
attempt by the same group, hoping to achieve temperatures of 320C at a depth of 4.66
km. proved disappointing: after a second drilling on that well in 1985, 9 MW of power
were obtained with water temperatures of 240C, significantly less than the expected
30MW goal. similar problems arose in the construction of a British test plant in
Cornwall; using lower temperatures than the Americans, they were finally able to
produce 5MW thermal power with a 20% water loss using reservoirs at 2 km depth and
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Figure 4.12 : Hot Dry Rock Water Circulation
(adapted from Howes, Energy Sourcebook, 1991)
The main difficulty with hot dry rock is establishing a passage for the water to circulate
inside the rock. Explosives and other devices are used underground to cause the rock to
fracture in given patterns according to what geologists are able to discern. However, the
stress patterns in hot dry rock are very complex which causes a large uncertainty in
determining the exact fracture mechanisms. Additionally, there remains the problem of
the durability of the resource which is an area only opening to research now.
4.4.4 The Ocean
The ocean's power could be harnessed in three different ways to provide energy: first, the
natural tidal fluctuations of the ocean levels can serve as a pump; wave action is another
dynamic which could provide energy; finally, the oceans present huge masses which may



















Tidal generation involves using the tidal oscillations as a storage/release type system. In
areas where the amplitude of the tides is great, a reservoir can be filled naturally at high
tide, sealed, and the water can be released at low tide through turbines to produce
electricity. Tidal energy is estimated to represent up to 3000GW worldwide,
continuously.
The Severn estuary, on the Western coast of England, is an area of large tidal amplitudes
and it served as the main example for the potential of the technology at the 1987 Energy-
EYE Conference in Tynemouth, U.K.. "Tidal energy is the most readily realizable on a
large scale of all the renewable energy technologies." The Severn Estuary, in the U.K.,
provides a good case-study for the planning and development of such a plant as well as
the environmental impacts. 32 In La Rance (Brittany), France, one 240MW tidal plant has
been in operation since 1966. A 20MW pilot plant exists along the Bay of Fundi coast, in
Annapolis Royal, Nova Scotia.
Although the principle is very simple, it has several drawbacks. First of all, such a
system could only be implemented in areas of large tidal amplitudes, of which there are
fairly few around the globe. In the US, the only two viable areas, from the amplitude
perspective, are off the coast of Maine, in the Bay of Fundy, and at the Cook Inlet, near
Anchorage, Alaska. In "Tidal Energy" (Van Nostrand Reinhold, 1982), R. H. Charlier
estimated that only about 2% of the world's total tidal energy, or about 60000MW, could
be realistically harnessed for electrical generation.
Secondly, as with any seawater application, there is a difficult problem of corrosion of the
equipment as well as marine growth on all surfaces, particularly inside channels and
141
pipes. Finally, the environmental impacts are unknown; for instance, the effect of
restraining a large amount of water from the ordinary tide pattern could have impacts on
the life and water circulation in the area. Although this was not the case in La Rance, this
is not thought to be typical for all tidal plants.
b) Wave and Current Action
Waves and other ocean motions are almost a given condition of any large body of water;
hence, the geographical application is less restricted than for the tidal technologies.
Quantities of designs have been presented for the generation of electricity from ocean
physics, some floating on the surface, others on the ocean floor.
The first patent for a wave-actuated device dates back to 1799 in Paris, France. M.
Girard and his son suggested attaching a long lever between a pump, situated on shore,
and a ship, offshore; the motion of the ship riding the ocean surface would activate a
mechanical device at the other end. Since then over a thousand patents worldwide have
been granted for various schemes to harness wave energy. In 1959, Walton Bott
proposed a reservoir atop a coral reef off the island of Mauritius; large waves would fill
up the tank by leaping over the wall of the reservoir and the water would be released
through a turbine in similar fashion to that of tidal generation. Various designs are
presented in the following reprint of "Energy from the Oceans" by M. M. Sanders
















Figure 4.13: Twelve Near-term Wave Energy Conversion Technologies
(Energy Sourcebook,1991/ Hagerman and Heller, 1988)
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One wave action plant, using a "tapered channel" design, was built in Tofestallen,
Norway, in the 1980's, with a capacity of 350kWe; the plant operated for some time but
was unfortunately destroyed by a storm in 1989.
There is even less data available for this type of technology than for the previous;
consequently, the exact position and potential of the technology are difficult to establish
with any reasonable accuracy. However, according to Hagerman and Heller (1988), the
cost of the energy obtained from wave action is inversely proportional to the average
incident wave power. Based on that research, Sanders estimates that the cost could be
between 9 and 15 c./kWh for a wave climate of 5kW/m, typical off the coast of Cape
Hatteras. Sanders concludes that, although the technology is in its infancy stage and does
not compete with current fossil-fuel energy prices (4c./kWh), the technology may yet
have a future with continued efficiency improvements.
c) Ocean Thermal Energy Conversion (OTEC'
As much as 10000GW of electricity could be obtained from the ocean's thermal
resources 33 which, if properly exploited, could produce electricity cheaper than land-
based solar systems. 34 The principle relies on the exploitation of water of different
temperatures at various depths in the ocean to operate an engine on a Carnot cycle.
Warm surface water is used to vaporize a working fluid which, in the process, expands
through a gas turbine; the exhaust steam is condensed in a chiller cooled by cold water
pumped up from the depths of the ocean, and pumped into the vaporizer again in a closed
loop fashion. Figure 4.13 illustrates the basic thermal cycle of operation of an OTEC




Figure 4.13: Typical OTEC Cycle Design













Figure 4.14: Typical OTEC Platform










Using a design by Frenchmen d'Arsonval (1881), his student Georges Claude developed a
22kW electric powerplant from a 140C temperature difference off the coast of Cuba;
however, the plant consumed more energy than it produced in part because it operated on
an open-cycle system.
Open cycle systems present the advantage of the absence of the large heat exchanger
required in closed-loop systems; also, fresh water can be obtained as a byproduct of the
generation process. However, the pressures generated in the vaporizer are significantly
lower, which reduces the efficiency of the turbine. Recent research by Westinghouse
Corp. and separately by the Solar Energy Research Institute indicate that open cycle
plants in the 15-25MW range may be feasible in the near future, thanks in part to the
development of low-pressure turbines.
The low temperature differences have several implications: first of all, the efficiency is
low, typically on the order of 5%, compared to a typical 30% for any combustion engine,
including fossil-fuel powerplants. Secondly, the water must be sought at great depths to
obtain the maximum temperature differential with the surface. Finally, large amounts of
water must be pumped to build up sufficient energy. The last two points have significant
implications on the materials suitable for plant design and construction: huge pipes must
be used to transfer the enormous quantities of water between reservoirs and equally
enormous heat exchangers must be used to transfer that thermal energy to the working
fluid.
DOE has launched the construction of a pilot plant in Hawaii which is expected to
produce 210kw of gross power. Although most of the power in this case is expected to
be absorbed internally, future projects could consist of floating platforms providing up to
500 MW.35
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At their Seacoast Test Facility, the Natural Energy Laboratory of Hawaii is conducting
one test consisting of a 6000-foot long, 40" diameter polyethylene cold-water pipe, to
bring up to 13000 gallons per minute from a depth of 2200ft., and a 500 foot-long, 28"
diameter warm water pipe drawing up to 9600 gpm from a 60 foot depth; this project is to
develop into a 165 kWe powerplant in the 1990's. (Sanders)
4.5 Closing Comments
Of course, given the lessons which we are now learning from having over-exploited
multiple natural sources, one might question the long-term effects of even such sources as
the ocean or geotherms. In effect, the transfer of energy from one natural system to
another may have unforeseen implications. For instance, one side effect of large scale
Ocean Thermal Energy Conversion units may be on the ocean fauna and flora,
particularly the fisheries. These effects could be negative, in providing too much
temperature change and fluctuation for sustainable life, or positive by developing a
climate appropriate for the growth of a particular species. By integrating multiple
disciplines in the decision-making process of developing a technology, we may be able to
gain far more than just the energy which we seek; on the other hand, the absence of such
foresight can easily lead to the opposite extreme, the collapse of another natural system.
147
References
1Beer J., Fossil Fuel Based Electric Power Technologies, Energy and the Environment in the 21st Century,
MIT Press, Cambridge, USA, 1991, pgs. 621-622.
2Highlights of the 1990 Clean Air Act Amendments, The New Clean Air Act: What it Means to You, EPA
Journal, Volume 17, Number 1, January/February, 1991.
3Highlights of the 1990 Clean Air Act Amendments, The New Clean Air Act: What it Means to You, EPA
Journal, Volume 17, Number 1, January/February, 1991.
4ENR Forecast 1992: Water and Power. Engineering News Record, 27 January, 1992.
5Vatsky, Joel, Foster-Wheeler Energy Corp., Clinton, NJ, NOS Control: the Foster-Wheeler Approach,
EPRI/EPA Stationary Combustion Nitrogen Oxide Control Symposium, San Francisco, CA, 6-9 March,
1989, p. 4-1.
6Emissions Controls in Electricity Generation and Industry, OECD report, 1988.
7Holt, Neville, "Highly Efficient Advanced Cycles," EPRI Journal, April/May, 1991.
8Makansi, Jason, Developments to Watch: The Next Generation of Power plants, Power, July, 1992.
9White, David C., Andrews, Clinton J., and Stauffer, Nancy W., "The New Team: Electricity Sources
Without Carbon Dioxide," The Economist, January, 1992.
10Boyd, Randall, in-person presentation to the Environmental Lunch Group of the Center for Construction
Research and Education at MIT, Friday 18 December, 1992.
11Highlights of the 1990 Clean Air Act Amendments, The New Clean Air Act: What it Means to You, EPA
Journal, Volume 17, Number 1, January/February, 1991.
12Vera Franco reporting for National Public Radio Weekend Edition, Sat. 10 April, 1993, WBUR, Boston
13Douglas, John, Fuel Cells for Urban Power. EPRI Journal, September, 1991.
14Makansi, Jason, Technology Shifts. Support Strengthens for Fuel Cell Powerplants, Developments to
Watch, Power, September, 1991.
15Soast, Allen, ENR Forecast 1992: Water and Power, Engineering News Record, 27 January, 1992.
16Gillis, Edward, Advanced Fossil Fuel Powerplants, EPRI Journal, September, 1989.
17La White N., Seminar on Wind Power Generation, MIT, 19 January, 1993.
148
18Brower M., Cool Energy, The MIT Press, Cambridge, MA, Revised Edition 1992
19Lotker M., Barriers to Commercialization of Large-Scale Solar Electricity: Lessons from the LUZ
Experience, Sandia NAtional Lab. SAND 91-7014, 1991.
20Ingersoll J., Solar Thermal Energy. The Energy Sourcebook, American Institute of Physics, New York,
1991.
21Cook G., Photovoltaics, The Energy Sourcebook, American Institute of Physics, New York, 1991.
22Moore T., High Hopes for High Power Solar, EPRI Journal, Dec. 1992.
23Vogelsang W.F. and Barschall H.H., Nuclear Power. The Energy Sourcebook, American Institute of
Physics, New York, 1991.
24Moore, Taylor, Nuclear Plants: Life After 40, EPRI Journal, p. 27, October/November, 1990.
25Epstein G. L., Fusion Technology For Energy, The Energy Sourcebook, American Institute of Physics,
New York, 1991.
26Soast, Allen, ENR Forecast 1992: Water and Power, Engineering News Record, 27 January, 1992.
27Gudmundsson J.S. and Palmason G., The Geothermal Industry in Iceland, Geothermics Vol 16, pgs 567-
573, 1987.
28Freeston D.H. and Pan H., The Application and Design of Downhole Heat Exchangers, Geothermcs, Vol
14, pgs 343-351, 1985.
29Howes Ruth, Geothermal Energy, The Energy Sourcebook, American Institute of Physics, New York,
1991.
30Forsha, M. D. and Nichols, K. E., Geothermal Energy Rivals Fossil Fuels in Small Plants. Power,
September, 1991.
3 1Potts, R., and Clark, R.P., NEI-Parsons Ltd., Tidal Energy and the Environment., Renewable Energy
Sources for the 21st Century (Energy-EYE plus Fifty International Conference, Tynemouth, UK), 17-18
November, 1987.
32Harvesting Ocean Energy, UNESCO Press, Paris, France, 1981, Wick G. L., and Schmitt W. R. Eds.
33Zener C., Solar Sea Power, Physics Today, Jan. 1973, pgs 48-53




Positioning a construction firm in the market for electrical powerplants will depend on
internal and external factors. Internal factors include the culture of the firm and its
strategy and are not the focus of this thesis; rather, we have presented a qualitative
assessment of three external factors which should be considered when defining the firm's
strategy: these comprise three principal environmental phenomena, trends in international
negotiations and policy, and technologies available for generating electricity.
5.1.1 Environmental Factors
Three chemical compounds are direct causes of three main atmospheric phenomena:
sulfur oxides cause Acid Rain, chlorofluorocarbons deplete the Stratospheric Ozone
Layer, and carbon dioxide is the principal cause of Global Warming. These three
phenomena affect our environment on different geographical scales and in different ways.
Unlike acid rain which is well understood and causes visible damages, the other two
phenomena have numerous uncertainties, both about the physical way in which they
develop, as well as regarding the extent of their impacts if they do take place.
Most of the speculation is over Global Warming and its associated climate models.
While sustained emissions of carbon dioxide would almost certainly lead to increased
average temperatures around the globe, it is unclear whether such a temperature rise
would exceed the natural cycles, and the effects which this may induce are still a matter
of dissent between experts.
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Such uncertainties are typical of these global phenomena and it is tempting to wait for
further scientific evidence before enacting tough environmental policies. However,
delays in enacting policies must be carefully balanced with the risk of engaging in an
irreversible process with the dramatic consequences of global warming or ozone
depletion.
The twelve year delay between initial warnings of ozone depletion and the first policy
enactment serves as an example to support arguments in favor of rapid action, rather than
overly-precautionary delays.
5.1.2 The Role of Electricity
Historical trends indicate that, as nations develop, electricity becomes an increasing share
of their energy consumption. At the same time, energy efficiency increases such that,
beyond a certain point and under the assumption of a stabilized population, energy
consumption actually decreases. This argument justifies the target set by OECD nations
at the Toronto Conference (cf. section 2.3.1 b)), namely a return to 1973 levels of energy
consumption.
Developing nations, on the other hand, will demand huge amounts of electricity as they
undergo their equivalent of the Industrial Revolution of the last century.
In order to avoid proportional increases in emissions resulting from this new power
generation in LDC's, alternative technologies appear as an attractive solution. Within
industrialized nations, existing powerplants will need to be retrofitted, if their remaining
lifetime warrants it, or replaced by new plants which may also use innovative technology.
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5.1.3 Policy Implications
As a consequence, policies have already been enacted in most developed nations to limit
future emissions. The standards vary widely between countries but, given the
transboundary nature of the atmospheric phenomena, an international standard will
ultimately be needed. While most European nations support very stringent standards for
C02, the United States argues that economic damage, resulting from expensive retrofits,
will outweigh the estimated costs of global warming, given a low probability of
occurrence. Thus, in this case, the uncertainties of environmental evolution justify
delayed action; this exemplifies the sensitivity of atmospheric policies upon scientific
revelations. In spite of the uncertainties largely. This renders the formulation of long-
term strategies difficult. However, there are some general trends to be remarked.
Funding appears on the increase for all atmospheric-related research: as of this writing, an
entire space shuttle mission was launched to explore the ozone phenomenon from outer
space. Although Global Climate Models are not expected to be tested against full scale
measurements within less than several decades from now, the models are proving
increasing accuracy on local scales. Several organizations worldwide are sharing data in
an attempt to accelerate the discovery process.
The global impacts of atmospheric phenomena has brought many nations close together
with the common purpose of understanding and preventing atmospheric degradation.
The intricate link between air pollution and development reinforces international
exchanges.
Negotiations and international agreements have been growing in numbers in the last
decade. This has been the result of increasing scientific evidence on the one hand, and
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increasing public awareness on the other.
Public concern over environmental problems is in rapid growth throughout Europe, the
United States, Japan, and many other nations. At least within the European Community,
there are signs that the wealthier nations are willing to support some of the extra costs
necessary to develop clean processes in the "dirty nations" to avoid transboundary
contamination of their own environment.
Environmental activists in developed nations have seized this opportunity to foster their
activities and in some cases to attempt to form a new political entity, as evidenced in the
French elections in March of this year. This behavior also resulted in the Global Forum
of the 77, in parallel with UNCED, both of which took place in Rio de Janeiro, in June of
1992. These are signs that environmental considerations are not necessarily limited to
industrialized and wealthy nations.
Despite arguments that political and economic policies are top priority, environmental
issues in less developed nations are rising in the hierarchy: "global sustainable
development" is a common term used throughout the world.
All told, environmental consciousness is growing and emissions restrictions are very
likely to become much tighter, rather than relaxed.
5.1.4 Technologies
To meet new regulatory standards, existing fossil-fuel powered plants will need to be
modified. One obvious solution is the substitution of combustibles, for example from
coal to natural gas; such solutions offer short-term benefits but are not long-term
alternatives given their continued reliance on depletable resources. End-of-pipe
approaches adapt cleaning devices in various parts of the powerplants to reduce emissions
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of specific elements.
The largest public interest seems to be in a switch to renewable sources of energy. These
principally include solar energy, wind energy, energy from the ocean, and numerous
other creative technologies.
5.2 Market Characteristics
This thesis strives to present an objective and qualitative overview of the main factors
which will govern the powerplant market. On this basis, the market for electricity
production can be divided into two parts.
On one hand, more than two thirds of the planet remains underdeveloped. This will
create a market for the construction of new powerplants specifically adapted to the
economic and environmental needs of developing nations. On the other hand,
international pressure to reduce the amount of atmospheric emissions will open a large
market for replacement of existing powerplants with more efficient technologies or
retrofitting those plants having a long usable life with emissions-controlling equipment.
5.2.1 Industrialized Nations
The previous arguments indicate a shrinking market for new plants in developed nations.
In the short run, to gain independence from foreign sources and faced with dropping
reserves, incentives will be for a switch to coal burning, which is widely available, in
substitution of oil; this opens a large market for coal cleaning, advanced combustion, and
retrofitting technologies. Where new or replacement plants will be built, combustion
power stations are likely to increase in size. In the US for instance, plant size is expected
to increase from the current average of 50Mw for existing plants, to at least 600Mw,
which is the average capacity for projects under current development. Most of the
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activity in correlation with growing environmental standards will involve retrofitting
existing plants and an increasing share of renewable technologies, all of which appear to
involve less construction activity than the construction of new powerplants.
a) Advanced Combustion and Retrofitting
At the present time, sufficient uncertainty exists in the climate change models to
recommend that no major changes in energy policy be undertaken; this philosophy is
embodied in such acronyms as BATNEEC (Best available technology not engaging
excessive costs). On the other hand, the 1990 Clean Air Act Amendments are an
indication that things will not remain in the past state of unlimited emissions. Tradable
permits are due to cover the entire US electrical industry by the year 2000 and there is
talk of adopting a similar strategy within the European Community. Until then, low-
cost/low-impact retrofitting or advanced combustion technologies will be implemented on
existing plants. Only in certain very specific cases of plants nearing the end of their
useful life is there likely to be any new construction. Since retrofitting does not involve
construction activities to any major extent, it is hypothesized here that the market of
existing powerplants should not be a major target of the construction industry; however,
the emphasis of this research has been qualitative rather than qualitative.
b) Alternative Energy Sources
There is much uncertainty about the future of renewable energy sources but, given current
developments, these technologies may gradually take over a large share of the market.
Political conflicts over oil and finite supplies of combustion materials indicate a
necessary transfer to renewable sources in the future. The precise timing will be a direct
consequence of environmental degradation which will be gradually revealed by scientific
investigations. Photovoltaic cells appear as being the most mature to reach the market
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but, for these and most renewable sources, construction activities appear to be limited to
site preparation.
New plants involving important construction activities are Tidal generation, Geothermal,
and Compressed Air; ocean platforms will necessitate large amounts of specialized ocean
engineering techniques. This suggests the value for construction firms to integrate
highly-specialized technicians within their staff or to form joint ventures with expert
electrical engineering firms.
c) The Nuclear Industry: Decommissioning or Upgrading. and Waste ReDrocessing
While the future of nuclear energy in the US. is still unclear, its success in France and
Japan are likely to justify renewed interest as an effective solution to atmospheric
emissions. Nuclear energy offers many advantages and is one of the technologies with
the largest part of construction work due to the enormous size of foundations and
shielding walls.
Three specific niches may be of interest. The first is in dealing with the disposal of waste
materials, which may include the construction of reprocessing plants, for example to
avoid the recent frenzy over shipment of wastes from Japan to France for
decontamination; this topic is seen as belonging to the previous area of hazardous waste
management and is therefore not elaborated upon here.
The second area of impact is in the development of new methods to either construct new
plants or sanitize existing plants; in the latter scenario, the former Soviet Union provides
ample opportunity. Investigations into nuclear plant incidents have largely been found to
result from human interaction with the security system; modern fully-automated plants
offer significantly enhanced security and reduced risks.
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Finally, as existing plants approach the end of their lifetime, decommissioning will
require huge and highly specialized demolition activities as well as disposal of all
contaminated materials.
d) Indirectly-Related Markets
1) Disposal of Combustion By-Products
Disposing of the by-products generated due to tighter emissions requirements poses a
major solid waste problem. As an example, "if the 10 Million ton S02 reduction is met
with scrubbers, 25 Million tons of solid waste will be produced annually or 35 to 40
million tons in the case of totally dry systems." 1 Although reuse markets may exist
locally (Germany provides much gypsum from Flue Gas Desulfurization residue for the
manufacture of wallboard), land disposal cannot be eliminated. Innovative solutions have
been studied at length, particularly by the Japanese industry: one such alternative is the
construction of an underwater reef using cement made with FGD residue.
Parallel markets may exist in the construction of plants to refine chemicals useful in the
gas cleaning process, such as lime or magnesium for FGD processes, coal cleaning plants,
or other products which may grow in demand due to the new regulations.
2) Distribution of Energy
Pipelines have been determined as being a cost-effective way of transporting coal slurry,
according to the first edition of the National Energy Strategy. Low-sulfur coal slurry
from western states could then be exploited to help eastern and midwestern utility
companies comply with the emission standards of the new Clean Air Act; transportation
costs could be as high as 20$/ton over the purchase price of 5-7$/ton. One existing
example is the Black Mesa pipeline which, in 1970, carried a mixture of coal and water in
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equal ratios. Although most legislative barriers have been removed, a major stumbling
block remains: pipelines must obtain rights of way to cross competing railroad lines.
Removing this last obstacle could lead to the formation of partnerships between railroad
and pipeline companies for future construction projects.
3) Energy-Efficient Construction
A large market is developing for the adoption of energy-efficient materials and methods.
This market is beyond the scope of this thesis but should be of particular interest to the
construction industry. Mr. Kazushi Wakita of the Center for Construction Research and
Education at MIT (CCRE) has researched the area and his findings are available through
CCRE.
5.2.2 Developing Nations
According to Engineering News Record's forecast for 1992, power-related projects in the
US will total somewhere between $100-$200 Billion over the next decade. Most of this
market is due to the need to replace aging powerplants rather than the construction of new
plants to meet the Clean Air Act Amendments. The same article quotes figures from a
US Agency for International Development survey of $370-$900 Billion in the export
market for power generation services and equipment over the next two decades. Hence,
foreign markets are estimated to be at least twice and up to nine times the size of the
domestic market.
In developing nations, construction firms should be capable of providing a full-service
type of support. From the onset, construction firms targeting electricity markets should
be prepared to assist the "client" in choosing the optimal technology in the environmental,
political, and economic frameworks.
158
Our presentation of the sensitivity of the energy market to environmental issues implies
that the personnel involved in the marketing of the services must be knowledgeable about
current environmental issues on an international level, i.e. that she (he) be aware of any
recent discoveries and their potential impact on energy sources in the short-to-medium
term.
This background must be complemented by a solid understanding of the current and
short-term policy framework both on a regional, national, and international scale. A
carbon tax in the US. could suddenly significantly shift electricity production in favor of
renewable sources; hence, if such a tax were imminent, it would be ruthless to advise a
customer in Mexico, for example, to purchase an oil-fired thermal plant.
Secondly, the firm can provide expertise in managing the construction of such a project.
This may cover basic cost-minimization approaches as well as environmental impact
assessments before the construction is initiated. Among other things, our conflictual
society has given our firms substantial expertise in the management of public relations
around a project. This point is particularly important when dealing with sensitive
technologies, such as nuclear or municipal waste-incineration plants, which cannot be
excluded as alternatives for developing nations.
Finally, construction expertise may be useful in disposing of the byproducts or in the
decommissioning of a powerplant.
In conclusion of this paragraph, interested construction firms will need to include
technical experts within their personnel and they must be rapidly introduced into the local
value systems. The easiest way to accomplish this may be through the early search for
strategic alliances with technical partners on the one hand and local firms on the other.
Financial concerns are not to be overlooked: traditionally, many such large projects have
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been financed by international organizations, such as the World Bank. This may warrant
marketing investigations within such organizations.
5.3 In Closing
As electricity demand stabilizes in the industrialized world, the goal will be to reduce
emissions and increase efficiency. The activities involved are mostly specialized
techniques and appear to involve little construction. A few side markets may exist; one
particular exception would be a rebirth of the nuclear industry.
In developing nations, demand for electricity is growing rapidly as many nations
industrialize. This opens a large market for construction firms which already have
experience in industrialized nations. Firms may offer full-service contracts, from
environmental impact assessments, based on current regulatory trends, to construction
management and the selection of best-suited technology.
However, as pollution and resource depletion issues gain support, advanced technologies
will play an increasingly important role; examples are fuel cells. Hence, construction
firms should prepare by integrating advanced technical experts within their organization.
In all cases, electricity markets will become more technically specialized as
environmental regulations become tighter. The rate at which new standards come into
effect is a direct function of scientific revelations about atmospheric damage; overall, the




While this paper has given a qualitative overview of the current background of electricity
generation for the construction industry, two main elements remain to be researched in
order to provide a full strategic framework. On one hand, the share of construction costs
in building different types of plants should be quantified to verify whether any particular
technologies may actually demand larger construction activities than hypothesized.
On the other hand, expert firms in the construction of conventional fossil-fueled plants
may want to perform a thorough life-cycle analysis of the various competing
technologies. Although unlikely, there is the potential for revealing that social costs of
switching to alternative sources may be much greater than suspected. As an example, one
might seek to determine the amount of pollution resulting from the actual manufacturing
of the components of a wind turbine and compare this to the quantity of pollution
generated by a conventional fossil-fueled plant over a lifetime; while both involve
pollution in the manufacturing of their parts, it is not clear to this author that the stream of
emissions from the latter clearly exceed the pollution resulting from the manufacture of
the more recent technology. Such an analysis should include learning-curve effects and,
in good spirit of sustainability, present objective results from the perspective of benefits
to human society.
However, this author is a fervent supporter of globalization and, as such, believes in the
importance of "spontaneously" forming cross-industry alliances before being constrained
to do so. Sustainable development can only be achieved through individual
consciousness; market and regulatory incentives are artificial and cannot be relied upon to
determine the future of mankind.
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TECHNOLOGY SPECIFIC TYPES TECHNICAL SPECS LOCATION PRODUCTION OPERATING DEVELOPMENTAL STAGE
APPLICATIONS COSTS COSTS
FLUIDIZED BED Generates large amounts of ATMOSPHERIC Circulating: 95% S02 capture; high
COMBUSTORS solid waste, twice as much FLUIDIZED BED Deep-bed 85-95%; Shallow
as wet scrubbers. COMBUSTOR bed: 60% SO2 capture. Overall
Corrosion of internal (AFBCC) low combustion efficiency.
metalic parts. growing use
of small commercial units.
PRESSURIZED More compact than AFBCC. Foster Wheeler, Livingston, Small experimental units. Optimum
FLUIDIZED BED Foster Wheeler Corp. system NJ. application would be in combined cycles.
COMBUSTOR increases efficiency to 45% with
(PFBCC) 60% NOx reduction and
meeting EPA standards while
burning high-sulfur coal.
COMBINED GAS TURBINE 25% Drop in C02 emissions. Several plants in US and
CYCLES COMBINED An additional 25% drop could Japan.
CYCLE (GTCC) be oobtained by using natural
gas instead of coal or oil.
Efficiency about 46%.
Limited useability in coal INTEGRATED Gasification of coal through More costly and
producing regions. GASIFICATION reaction with oxygen and steam less impressive
COMBINED at high temperature; up to 99% than GTCC.
CYCLE (IGCC) sulfur, 40% nitrogen, and most
particulate matter are removed.
Conversion rate 39%.
COAL Lower fuel consumption and SEP, Netherlands, 250 MW Marginal capital Current US technology uses 9000
GASIFICATION waste products. plant, 8240 BTU/kWh, equiv. investment BTU/kWh, much less efficient than
COMBINED 41.4% efficiency. RWE $120/kW. european. Future shift will use Molten
CYCLE (CGCC) Germany, 200 MW, 44% eff. Carbonate fuel cells with IGCC: eff. 6500
BTUAWh emissions 30% lower. Ultimate
designs will improve by using more
advanced fuel cells.
COGENERATION Recuperates waste heat
from exhaust gases (up to
65% of complete process)
to run an additional steam
TRIGENERATION Cogeneration combined Bellingham, MA: 300MW Plant cost $350M No need for capital In Bellingham, 60% costs were equipment
with CO2 separation and plant cost $350M incl.$30 for costs for oxygen Technology limited to another 5 years
purification througha Trigener. unit removal. UNLESS Carbon tax.
proprietary chemical
TrlrrSS
I I I I II II I I I IIl
TECHNOLOGY SPECIFIC TYPES TECHNICAL SPECS LOCATION PRODUCTION OPERATING DEVELOPMENTAL STAGE
APPLICATIONS COSTS COSTS
HUMID AIR Fluor Daniel patent Fluor Daniel patent Competitive with Future will use synthetic gas and achieve
TURBINES FGD efficiencies of 50% or more.
TECHNOLOGY SPECIFIC TYPES TECHNICAL SPECS LOCATION PRODUCTION OPERATING DEVELOPMENTAL STAGE
APPLICATIONS COSTS COSTS
FLUE GAS SO02 removal-these WET LIME 90-95% S02 removal. Single US has large atperience. High capital costs Well developed technology; very flexible ir
DESULFURIZA- technologies do not address vessel can treat up to 600 MW Austria and Germany have use: can fire almost any coal and still meet
TION (FGD OR NOx emissions. plant capacity. Powe developed smaller sixe plants EPA standards.
SCRUBBERS) consumption < 1.5% of station to fit limited retrofit space.
output.
SPRAY DRYERS >90% SO2 removal. Current Uneconomic for Capacity expected to grow to 600 MW
capacity is 350 MW plant. sulfur plants. However, since it is uneconomic for
Easier to build than wet contents>3%. coals containing >3% sulfur, technology is
scrubbers. seen as less likely to develop under new
CAA.
SORBENT No proven track record in US. Lower capital costs Limited niche market * very old, small
INJECTION but very high units near retirement with little space for
marginal costs. retrofitting scrubbers *fine-tuning of SO2
emissions
SODIUM-BASED 70-90% SO2 removal. Non-competitive for
REAGENTS high yeilds.
LDW-NOx Reduce 02 in burner. NOx Lower capital costs Application limited to certain types of
BURNERS (LNB) reduction of 50%. than SCR. burners. Fuel re-burnming or staging can be
used in those cases.
SELECTIVE 90% NOx reduction. Very Widespread in Germany and Expensive. Development is limited to the establishment
CATALYTIC versatile and easy application. Japan. of a suitable incentive process, not provided
REDUCTION (SCR) by the CAA.
NON-SELECTIVE Injection of nitrogen-rich
CATALYTIC coumpounds in flue gas at high
REDUCTION (SNR) temperatures.
I 1 I I I I 1 1 I I I I I I I I I I I
TECHNOLOGY SPECIFIC APPLICATIONS TYPES TECHNICAL SPECS LOCATION PRODUCTION DEVELOPMENTAL STAGE
COSTS
FUEL CELLS: Urban environments due to small PHOSHORIC Efficiency 35-45% Largest is 11MW at Europe and Japan (TEPCO) Operating costs
footprint, no noise, trace ACID: PAFC present around $2500 per
emissions kW
MOLTEN Efficiency 54-60% (6300-5700BTU/kWh) Energy Research Corp.- $1000-1500/kW Most likely fuel cell technology to grow
CARBONATE: 2 MW capacity Danbury, CT. Applications in in US- particularly in cogeneration setups
MCFC New York City-United with coal gasification
Technologies
SOLID OXIDE: Lower efficiency but more compact than Experimental: 100 kW pilot plant planned
SOFC MCFC
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TECHNOLOGY SPECIFIC APPLICATIONS TYPES TECHNICAL SPECS LOCATION PRODUCTION COSTS DEVELOPMENTAL STAGE
WIND US Windpower Inc., Livermore, Pacific Gas and Electric (PG&E)
GENERATORS CA. currently produces 800 MW wind
generation; plans to expand to 2500 MW
by late 90's. Another consortium plans to
develop 500 MW plants in Midwest.
SOLAR THERMAL PARABOLIC TROUGHS Curved linear reflector Luz Intl., SEGS (9 plants $3000/kW PG&E currently generates 15 MW solar.
GENERATORS concentrating sunlight on a glass ranging from 14 to 80 MW) in Denver State prison estimamte cost
vacuum tube; T=40(PC. Mojave Desert, CA. State $6.50 per GigaJoule. Levelized cost of
Expected 20-30 year lifetime. Prison, Denver, CO electricity $0.10/kWh. Installed costs
Single axis pivot necessary. declined from @$ 6000 for SEGS 1 to
$3000 for SEGS9.
PARABOLIC DISHES Similar technology to Troughs Lajet Inc.5 MW plant in Warner DOE target $3000/kW. Ultimate Not very common technology. Mostly
but using a bowl-shape, Springs, CA; 3 MW plant in expect. @ $1000-1500/kW. DOE research. DOE and Cummins
increasing sunlight Georgia Power Co., Power Generation plan a small 5kW
concentration; T=300U'C. Two- Shenandoah, GA. Both generator useful for small rural villages.
axis mechanical systems. shutdown in late 80Ws. Used in Stirling cycle engine, yields up
to 29% solar-electric efficiency.
CENTRAL RECEIVERS Array of heliostats (reflectors) Solar One, 10 MW plant in Solar One costs reached Technology abandonned due to high
all focused on one central tower, Barstow, CA, 1982-88 $10000/kW. costs in US.
a fluid circulates between the top
of the tower (focal point) and a
heat engine at the base.
PHOTOVOLTAIC Mostly rural applications and as High-tech semiconductor Pacific Gas and Electric, Fresno, Currently about $4000/kW; Many small-scale/cammunity
SOLAR CELLS peak load supplements. application; individual cells CA. Residential development in expected drop to $2000/kW. applications: Gardner, MA, project
generate less than 1.2V DC. Gardner, MA. SunPower and Operating costs less than $ serves 35 homes, businesses, and town
Need large arrays and DC-AC Amonix offshoots from EPRI- 0.005/kWh. offices. PG&E will use PV for peak-
converters. 20 year life, very Stanford research. load instead of upgrading entire grid.
low maint/oper. costs. PV array under construction at
Shenandoah plant of Georgia Power .
EARTH Use surplus power in off-peak COMPRESSED AIR ENERGY Alabama Electric Cooperative, Alabama Electric built a $65 Million to
TECHNOLOGIES demand times to store STORAGE MacIntosh, AL. produce 110 MW.
pressurized air in the earth; then,
expand air through turbines to
generate.
I I
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TECHNOLOGY SPECIFIC APPLICATIONS TYPES TECHNICAL SPECS LOCATION PRODUCTION COSTS DEVELOPMENTAL STAGE
EARTH GEOTHERMAL Geysers exhausted, but many Plants in southwest US. S1500-2000/kW - estimate Geyser sources at full capacity. Hot
TECHNOLOGIES hot-water sources: flash-type for Manufacturer Barber-Nichols in $0.057/kWh water sources under development with
(cont.) T>350F (Wendell Hot Springs, Arvada, CO. most capacity yet to be exploited (97%
CA) and binary-cycle (less remaining in 1987); currently, over 35
efficient). plants generate 800 MW in US. Utah,
California, and Nevada generate over
2800 MW.
OCEAN TIDAL Severn Estuary, UK.
OCEAN THERMAL ENERGY 210 kW pilot plant in Hawaii Future prospects include developing
CONVERSION floating platforms with 500 MW
capacity.
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